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McDonnell achievements in aeronautics, astronautics and automation are often directly related 
to swift-paced developments in electronics. Wherever McDonnell requirements cannot be met 
by standard electronics systems, special equipment is designed and developed by McDonnell’s 
own electronic engineers. These consistently demanding objectives have fashioned an electronics 
division geared to the design of highly specialized systems and components — products which 
often prove to be broad-scope advancements with many applications. McDonnell Electronics is 
now being expanded, and desirable openings exist for electronic engineers who are qualified 

to provide leadership in areas of systems and equipment development. 


Advanced degree in E.E., M.E. or Physics required 
(experience at the supervisory level is desirable 
in at least one of the following areas: ) 


COMMUNICATIONS @ DIGITAL TECHNIQUES @ AUTOMATIC TEST EQUIPMENT @ MILITARY AIRBORNE 
& SOLID STATE ELECTRONICS @ ELECTROMAGNETIC FIELD THEORY @ MASER AND LASER THEORIES @ 
MICROWAVE TECHNIQUES @ RADIATION AND ABSORPTION PHENOMENA @ ELECTRODYNAMICS 


For full details, please submit your resume in complete confidence to: 


MR. R. F. KALETTA, PROFESSIONAL PLACEMENT, DEPT. E, 


MCDONNELL 


P.O. Box 516, St. Louis 66, Missouri 


ALL QUALIFIED APPLICANTS WILL RECEIVE CONSIDERATION FOR EMPLOYMENT WITHOUT 


REGARD TO RACE, CREED, COLOR OR NATIONAL ORIGIN, 


Circle 1 on Inquiry Card, Use Home Address 
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POLISH IT! Can be given micro-surface 
finish by standard machines. 


Aerospace Management e 


forged and hot worked. 
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FORGE IT! Bendix Chrome Composite can be 


MACHINE IT! Can be precisely ma- 
chined using conventional methods. 


SEE ALL YOU CAN DO WITH 
BENDIX CHROME COMPOSITE 


This space-age material gives unusual 
strength plus excellent oxidation resistance 
in the 2000°F. to 3000°F. range. 


Bendix® Chrome Composite is ideal for use 
on re-entry nose caps, probes, and leading 
edges for another reason, too. It can be 
forged, hot worked, machined, and polished 
by conventional methods and equipment. A 


Bendix Products Aerospace Division 


December 1961 


further advantage: it forms and reforms its 
own protective coating instantly when ex- 
posed to high temperatures. 


For applications such as solid rocket motor 
nozzles—in the 6000°F. to 7000°F. range— 
Bendix offers Tungsten Composite. Write 
for more information on these high-tem- 
perature materials: South Bend, Indiana. 
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Features 
The Zuckert-LeMay Management Team .. . 20 


In the E-ring of the Pentagon, fourth floor, room 871, sits the man who is technically 
at the top of.the management heap in Air Force. But, Eugene M. Zuckert insists 
that Air Force management is a team effort. The other member of his team is "cigar 
and airman chewing" General Curtis E. LeMay. Says the Secretary, “Curt and | 
have a unique relationship." Says LeMay "we don't have too many arguments.” To 
gain an insight into these men and the management methods they will use to carry 
out Air Force's aim of becoming the Aerospace Force, AEROSPACE MANAGE- 
MENT sent its editors to get the story from them first hand. The photographs and 
article on pages 20-24 are the result of a series of EXCLUSIVE INTERVIEWS with 
Air Force's Management Team. 


How NASA Plans To Use PERT ... 24 


All major civilian space projects will soon use NASA's version of PERT. 
Main change from Navy concept is use of a single time estimate. 


Army Accents Value Analysis . . . 30 


Major contractors gathered in Pentagon to discuss cost cutting. 
Subjects include personnel selection through design changes. 


Design Changes—They Must Be Controlled . . . 38 


Every prime contractor is sooner or later faced with a barage of design changes. 
GE-MSVD has devised a management technique to control these changes. 


Slashing Costs In Pershing's Propulsion . . . 44 


Thiokol proposes thirty-nine ways to reduce propulsion costs. 
Most radical is a switch to plastic-reinforced, filament-wound cases. 
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Electronic AGE Market Due For Decline . . . 50 


Many market analysists use past growth to predict the size of future markets. 
Author uses the ‘moral of the hand crank'’ to disprove this technique. 


How To Improve Procurement Practices ... 54 


Special committee under Sen. Smather's direction diagnoses ills 


of DOD procurement and recommends specific cures. 


Line of Balance Directs Decision-Making .. . 57 


Each management echelon at General Precision Inc. uses this tool. 
It spotlights problem areas for them, while charting project progress. 
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NEXT MONTH . . . LOOK FOR 


A Special Staff Report on Pershing problems and progress, and how Martin-Orlando 
is using streamlined management techniques to cut costs and expedite deliveries . . . 
From North American Aviation's Space & Information Systems Div., details on a low- 


budget production control technique. ALSO: FALLOUT PROTECTION, should it be 
provided in the key aerospace plants, who's responsibility is it? 
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these advantages of Tayloron* Reinforced 
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Plastics in high-performance assemblies 


High strength-to-weight ratio. In terms of weight, reinforced 
plastics are considerably stronger than most metals. More- 
over, their strength characteristics may be directed where 
stresses demand. In filament or tape wound shapes, highest 
properties may be obtained. 


Comparative rigidity in cured condition. This property pre- 
vents the reinforced plastic part from bulging or otherwise 
deforming when high pressures or other stresses are pres- 
ent. Thus original tolerances can be maintained under 
adverse operating conditions. 


Excellent corrosion resistance. High resistance to both 
atmospheric and chemical corrosion is a feature of rein- 
forced plastics. This is particularly important in structural 
members where corrosion could generate failure locations. 


Low heat transfer. This, under extremely high tempera- 
tures, makes Tayloron ideal for protecting structural mem- 
bers in missiles. 


Good ablation qualities. The capacity to keepon performing 
their basic function despite loss of some of their structure 
is an important characteristic true of some reinforced 
plastics. Tayloron materials offer the additional advantages 
of dissipating energy and thus reducing stresses on other 
members. 


Ease of fabrication. A wide variety of shapes may be made 
to close dimensions by molding, laminating, or winding of 
filament or tape. Tayloron reinforced plastics are readily 
fabricated and machined. 


How Taylor Can Help You 


In your designing of components and assemblies, consult our Advanced Materials 
Division on how to choose the best material and minimize the cost in reinforced 
plastics. Taylor can supply complete fabricated assemblies—or materials for any test 
and evaluation program. Special Tayloron materials have been developed for many 
specialized applications. Write the Advanced Materials Division outlining your 
specific problem. Taylor Fibre Co., Norristown 50, Pa. 
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*Trade name for Taylor Fibre’s space, missile and astronautic materiais 


Composite laminates « Metaiiic ana 
nonmetallic materials laminated with 
plastic resins in many combinations and 
many forms « Vulcanized fibre in sheet, 


roll or fabricated parts e« Filament 
ei wound parts . Materials and com- 
— engineered to perform specific 


REINFORCED PLASTICS 


unctions « Pre-impregnated materials 


VULCANIZED FIBRE in filament, tape, wide sheet or roll 


Circle 4 on Inquiry Card 


Aerospace Management °¢ 


Dec. 2-5 


Visual Communications Congress 
Biltmore Hotel 
Los Angeles, Calif. 


Dec. 4-5 


Beryllium Metallurgy Conference 
New York University’s 
Washington Square Center 

New York City 


Dec. 4-6 

Specialists’ Meeting on Aerospace 
Support and Operations (classified 
sessions) 

Orlando, Fla. 


Dec. 4-8 

Lecture-Workshop on Program 
Evaluation and Review Technique 
(PERT) and Critical Path Planning 
Bureau of Conferences and 
Institutes, New York University 
New York City 


Dec. 5 


11th Annual Meeting, National 
Air Taxi Conference 
Statler-Hilton Hotel 
Washington, D. C. 


Dec. 5 


Instrument Precision Ball Bearing 
Section, Critical Components Div. 
American Ordnance Association 
New York City 


Dec. 12-14 


Eastern Joint Computer 
Conference, Sheraton Park Hotel 
Washington, D. C. 


Dec. 18 

25th Wright Brothers Lecture 
Natural History Bldg., 
Smithsonian Institution 
Washington, D. C. 


Jan. 9-11 

Eighth National Symposium 
on Reliability and Quality 
Control, Statler-Hilton Hotel 
Washington, D. C. 
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ADVANCED 
CRYOGENIC COMPONENTS 


Janitrol is currently solving some of the 
most difficult problems in cryogenic 
hardware. An example is the develop- 
ment of an eddy current coupling that 
acts as a fluid drive load while oper- 
ating in gaseous or liquid hy- 
drogen at —423° F. This is 
evidence of Janitrol’s experi- 
ence in developing assem- 
blies that must move and 
transmit power at very low 
temperatures. And it indicates expe- 
rience in cryogenic bearings. Skills in- 
clude materials selection, optimum 
mechanical design, testing in Janitrol’s 
own cryogenic test facility, 
and manufacture to specified 
reliability levels. 

Janitrol aneroid, solenoid 
and shut-off valves and heat exchangers 
for cryogenic applications are also nota- 
ble for their simplicity, sound design, 
and reliability. 

When you seek cryogenic components 
that require imagination, experience, 
and the ability to prove performance, 
call on Janitrol Aero Division of Mid- 
land-Ross Corporation. 


TROL 


<< 


A division of Midland-Ross Corporation 
4200 Surface Road, Columbus 4, Ohio 


f° 
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Arma 


Navigating with cross-staff and primitive 
compass, Prince Henry's Portuguese pi- 
lots took more than 80 years to find a 
route around Africa and reach India. The 
Spaniards took another 20 years to cross 
the Atlanticandreachthe shoresof Florida. 


Today, missile-borne inertial guidance 
can navigate such distances in a matter 
of minutes and pin-point targets nearly 
half-way around the world. Other advan- 
tages of inertial navigation are immunity 


6 Circle 6 on Inquiry Card 


éJ 


navigates new routes 


to outside interference, all-weather capa- 
bility, salvo firing, and a minimum of 
ground equipment. 


Arma, designer of America’s first iner- 
tial guidance of intercontinental range 
accuracy, has these systems in full pro- 
duction with on-schedule deliveries. Al- 
though specified for the Atlas missile, the 
Arma system is equally adaptable to other 


aerospace programs and space explora. 
tion projects. 


At Arma, research programs currently are 
exploring smaller, supersensitive devices 
for future generations of missile and space 
guidance systems. Arma, a division of 
American Bosch Arma Corporation, Gar- 
den City, New York.... The future is our 
business. e321 


AMERICAN BOSCH ARMA CORPORATION 
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Reflection on Defense Secretary Mc- 
Namara’s decision to hold up spending on manned 
bombers reveals some curious facts. Somebody 
is kidding somebody. 

According to published DOD reports, Sky- 
shield II, a recent exercise to test the nation’s de- 
fense against manned bombers, was 98 per cent 
effective. This looks good on the surface, but the 
deck was loaded. The so-called, training exercise 
used subsonic B-47’s and B-52’s as the “attack- 
ing” Force. They came in on known routes and 
known altitudes. Known, of course, by the de- 
fense network. There were no commercial air- 
craft in the sky to confuse the radars. And, all 
“friendlies” were probably operating with IFF 
“on,” to aid in identifying them on the radar 
screens. Thus, every plain radar blip was a bogey. 
Under these conditions, the exercise most cer- 
tainly should have been the success it was. 

To equal the odds just a little, a DOD 
spokesman indicated that electronic countermeas- 
ures (ECM) were used by the “intruders.” This 
brings our first question to mind. Since the exer- 
cise was 98 per cent effective, does this mean the 
ECM equipment now being used in B-52’s and 
B-47’s is 98 per cent ineffective? 

Some time ago, an air-defense exercise 
similar to Skyshield II was held. It was called 
Skyshield I. The main difference in this exercise 
was that “intruder” aircraft included B-58 bomb- 
ers. Time after time, the Mach 2, B-58’s pene- 
trated our coastal-radar-net though flying known 
routes and known altitudes. Even when picked up 
on radar, no intercepts were made. This has since 
been done repeatedly on many missions. B-58’s 
even give periodic position reports during their 
escapades. B-58 aircraft were not used on Sky- 
shield II. Why? Perhaps, DOD wanted the op- 
portunity to announce that our air defense system 
is 98 per cent effective, at the same time it was 
announcing we would cut back on bombers. 

There has been in recent times a great deal 
of talk by “officials in high places” about the num- 
ber of vehicles we have capable of delivering 
nuclear weapons to target. Secretary of Defense 
McNamara wrote to one of our senators a few 
months ago that Air Force will have a fleet of 700 
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Who is Kidding Whom? 


bombers B-52’s and B-58’s capable of delivering 
devastation upon a would-be aggressor. What he 
did not do was give the breakout on the 700 
bombers. This breakout happens to be about 600 
B-52’s and 100 B-58’s. Thus, a total force of 
600 B-52 bombers would give us only 12 avail- 
able at target against an air defense system that 
was 98 per cent effective. But, since B-58 can con- 
sistently penetrate such a network, it is possible 
that all of them might sneak through. 

After the Tushino Air Show, Mr. McNa- 
mara announced that we had nothing to learn 
from this Russian demonstration. But, there was 
in fact a great deal to be learned. The Russians 
showed us a bomber that appeared to be at least 
equal to B-58 in performance. This means, that 
should the Russians put their minds to it they 
could develop a fleet of bombers that could 
“thumb its nose” at our radar defenses the way 
B-58 does. The Russians also showed us some 
pretty fancy interceptor type aircraft. The B-52 
would hardly have a chance against these inter- 
ceptors in numbers. However, the Mach-2 B-58 
would have a chance of getting through. 

Finally, keeping B-52 alive at the expense 
of B-58 is economic folly at this point. Our Mach 
2 bomber has reached a state of development 
where it is actually cheaper than the B-52. We 
have already spent $3 billion on the development 
of the B-58. The third wing of this breed could 
be procured for approximately $346 million. 

Now in light of all of this, is our radar net 
so good? Or are our bombers so bad? We be- 
lieve that there is an attempt to convince the pub- 
lic and the press that the defense network is in- 
fallible and that bombers are obsolete. However, 
in actual fact the situation might be just the oppo- 
site. There are breeds of aircraft, flying today both 
in the United States and Russia, that could slip 
through existing radar networks without any seri- 
ous fear of detection. 
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| A Blow For Freedom ... I have just read your article 
Our Greatest Weapon Being “How To Make Value Analysis Work” 
Phased Out published in your November, 1961, is- 
sue. I enjoyed this article very much. 
. Congratulations on your fine 
October editorial on ever increasing Robert L. Leming 
Government controls which are, in ef- Procurement Value Analyst 


McDonnell Aircraft Corp. 


fect, phasing-out free enterprise in 
| the Aerospace Industry. The measures 
| you recommend would help to slow R . 
down the rate at which our segment Timely and Refreshing 


| of the economy is being injected with ... You are to be congratulated on 

| ever-increasing doses of that narcotic publishing two such timely articles 
called Socialism. (If this sounds as “Small Business is a Big Problem” 
strong, reflect for a moment that the and “Management Worried . . . Gov- 
only significance to ownership is con- ernment Controls Oppressive.” It is 
trol.) I would like to point out, how- certainly refreshing to have two gen- 
ever, that restoration of private con- tlemen such as Mr. Beach and Mr. 
trol and competitive vitality to our Black express themselves on the sub- 
industry (and other areas of our ject so emphatically. 
economy) requires positive corrective : 
measures and not merely spotty re- Hugh C. Robbins 


President 


sistance to further Government en- Robbins Aviation, Inc. 


croachments. 


J. F. Smith 


National Management Assn. 
San Diego, Calif. Portrays the Facts 


.. . We wish to compliment you on 
the excellence of this article (‘‘“Man- 
agement Worried”) which is a hard 
hitting, factual portrayal of condi- 
Wants To See More tions as they presently exist for gov- 


| 
| . . - I enjoy reading the AERO- ernment contractors. 


SPACE MANAGEMENT publica- J. T. Shelton 
| tions, especially articles on value anal- Vice President, 
ysis. I hope you will continue to in- Land-Air, Inc. 
clude these informative articles in 
your future issues. 
apotte L. E. Stegman 
tae ye Manager, Value Analysis ... The articles in the September 
ts. he Electronics & Ordance Div iss , i i res . 
sata! tatique ctronics & Ordance Div. issue are of particular interest to our 


A , . . 
vco Corp. growing engineering team, and I 


would like to thank you for continu- 
ally bringing timely information to 
our attention. 


critical factors 
our probect age ia 
local Airetool representa 
ive for an in-plant dem 


there's no 
c 
in 


principal } Early R. Hartley, Chief 
Special Projects Branch 


HQ, San Bernardino Air Materiel Area Keeps Him Up-To-Date 
United States Air Force 


... Your new magazine AERO- eo 
: A) ll toes D. A. Gehlke, Vice President 
SPACE MANAGEMENT is most in- Corporate Director of 
teresting. It is fulfilling a void in Advanced Development 
management reading. Babcock Electronics Corp 


RETOOL 


» Al 


...I1 want to express my apprecia- 
a\ prpimnlsieiss tion for the very excellent studies and 

ey : articles appearing in AEROSPACE 
ear 


neum tie ho hie MANAGEMENT. I am proud to in- 
a ... The article by Robert E. Beach clude it with the important publica- 
in your November, 1961, issue is cer- tions I read to keep abreast of the 


Ga es : : 
C2? IR SS Es | tainly timely. industry. 
OR yi alitg WhKx5 | 
Ki KY C) Khe W. S. Blackmen Howard A. Zeimer 
: “ie? * IN ‘se b — emma Director of Advertising Director, Military Liaison 
a ° Bird Electronic Corp. Marks Polarized Corp. 


8 Circle 7 on Inquiry Card Aerospace Management e¢ December 1961 


| ‘ia | 
AIRETOOL fie 
b Ine L , ™ >> mmm lc ie ds 
oe 
ee +S 
% 
ot | | 
pig > Tappers 
ae 
--> kp 
‘ | \ | 
| sestmtersi ts: eo ed a ) 
Sage —* | 
oe : : 
Die Grinders : 
Nherever me isa 
| i Sars ais and ll 
- automot e ndustries. 
— - you'll find Airetool air- 
if motor erriciency 
REE _ 
ew ; 
:  onstration 
obligatior ee 
yy _ | 
Representatives 
- cities of the fre 
‘ | 
eta (0 
; a 


Missiles and Space Vehicles 


ATMOS—Solid-fueled rocket motors, designed 
by B. F. Goodrich, have internal burning grain design. 
Maximum thrust exceeds 1500 Ib for eight sec at 
80° F. Motor has four and one-half in. diam and is 
capable of lofting 12 Ib payloads up to 300,000 ft. 


ATLAS SILO—45-ft-high launcher platforms 
for Atlas-F designed by American Machine and Foun- 
dry and built by U. S. Steel weigh close to 75 tons 
each. Overall vertical tolerance on structure is ¥% in. 
with horizontal tolerance of 1/16 in. 


LARGE ROCKET PROGRAM—Aerojet Gen- 
eral and Rocketdyne are carrying out parallel research 
for NASA into 2-24 million Ib thrust engines. Both 
companies are searching for a highly reliable “uncon- 
ventional” engine and vehicle design concept for a 
rocket stage which can be developed and produced 
with significant savings over existing concepts. 


LIQUID PREPACKS—The concept of the 
liquid prepack engine, developed by Reaction Motors 
for Navy and Martin in the Bullpup program is draw- 
ing interest and funding from the military for big- 
booster applications. This simple approach to liquid 
rockets eliminates plumbing almost entirely. It also 
cuts weight and increases reliability. Large-booster pre- 
packs would be assembled and loaded on site. 


MAULER—The Army’s solid propelled mobile 
battlefield missile is into its second phase of test fir- 
ings at White Sands after successful completion of 
the first. 


MIDAS—Future military commanders analyz- 
ing infra-red sensed data will view the data instantly in 
normal light with multi-colors on a large size screen. 
A Situation Display Console, is being developed by 
General Electric for use with AF’s Missile Defense 
Alarm System (MIDAS). Heart of display equipment 
is Military Electronic Light Value projection system 
known as MELVA. 


MINUTEMAN—There is very strong belief 
that Air Force will soon announce an “advanced 
Minuteman” weapon system study. R&D contract will 
be largest ever awarded by a government agency—over 
$500,000,000. Muscleman, Midgetman, and other 
“man” breeds will be studied. 


OAO—General Mills is producing computers 
for use in NASA’s Orbiting Astronomical Observatory 
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Program. Computers will be installed at ground sta- 
tions in NASA’s minitrack network to perform data 
processing of orbital and tracking data. 


PERSHING — A _ zig-zag flight successfully 
tested Pershing’s inertial guidance and control system. 
Pre-set maneuvers were most severe test of system to 
date. 


PERSHING—Filament wound motor case for 
Pershing is an on-again-off-again situation. Thiokol 
thinks it can make the conversion pay after turning 
out 20 motor sets. Estimated savings would be $20,000 
per set. Martin and Army are interested in plastic cases 
but are not sure filament winding is the answer. 


POLARIS A2—Successfully fired from under- 
water. A2 has increased range of more than 300 miles 
over Al version. 


SATURN—Successful Oct. 27th launch marked 
first major milestone in Saturn program. NASA has 
selected Chrysler Corp. to build, check out, test and 
launch the S-1 first-stage booster. Work will be done 
at NASA’s Michoud plant. Construction of 20 S-1 
boosters will extend through 1966. Contract is esti- 
mated at over $200-million. Aerojet will aid in testing 
and give launch support. 

NASA and DOD seem to be leaning heavily 
towards the use of the orbital rendezvous concept for 
a manned lunar landing attempt. The Saturn C-4 
would be primary launch for orbital rendezvous opera- 
tions. Large liquid Nova development would continue 
for direct moon flights. 


SEABEE—The rocket fired from the ocean off 
Point Mugu scored a double first by being used again 
in a similar test. The original flight was the first time 
a liquid fueled rocket had ever been fired from the 
ocean. In the second ocean firing the SeaBee, a modi- 
fied Aerobee-100, went about 5000 ft before dropping 
back into the ocean without benefit of its parachute 
which failed to open. Floating launch method was 
first used by the Navy using a solid rocket in the Hydra 
series of tests. 


THOR—Thor was recently launched success- 
fully for the 100th time in a total of 129 firings. 13 of 
total launches were considered “partially successful.” 
NASA has ordered 14 more Delta vehicles based on 
the Thor first stage with an improved Rocketdyne 
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engine of 170,000 Ib thrust. Delta second stage is an 
Aerojet liquid engine AJ10-118 of 7500 Ib thrust 
with an ABLE third stage solid rocket of 3000 Ib 
thrust. Deltas will be used to launch communications 
satellites in NASA’s Relay and Syncom series, AT&T’s 
Telstar series; Tiros meteorological satellites, and the 
first United Kingdom satellite project S-51. Of the 
original order of 12 Delta vehicles six have been 
launched, five successfully. 


X-15—Top speed was reached last month. X-15 
flew 4070 mph despite windshield breaking for second 
time. Skin temp reached 1100°F. New autopilot was 
tested during flight. Minneapolis-Honeywell’s adaptive 
autopilot device blends aerodynamic flight reactions 
and reaction controls. 


X-15—Thrust of the XLR-99 engine could 
reportedly be increased 100 per cent using a powerful 
new oxidizer, oxygen difluoride (OF.) now being 
studied by Thiokol Chemical Corp. The company is 
now investigating patentability of the oxidizer. 
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@qHELILIFT, helicopter - carried fire 
' coordination system will be used 
— . with Nike and Hawk missiles. 
— | ae Hughes Aircraft developed system, 
' ' . consisting of one operations central 
(left) and four or more coder-de- 


SNAPCRAFT concept will first be > 
designed to test Snap-8 and check- 
out various electric engines. Ad- 
vanced versions could stop, turn and 
drive around solar system according 
to Space-General. 


Aircraft and ASW 


AIR CARGO TRANSPORTS—Douglas Air- 
craft predicts future bright for air cargo which is cur- 
rently a fraction of one percent of total U. S. freight 
movement. Survey indicates need for two new air 
freighters, one for 20 tons payload operating up to 
800 mi and another for five tons up to 200 mi range. 
VTOL and STOL capability an advantage for these 
concepts. 


ARTEMIS—A five-story sonic transducer will 
be lowered and raised in the water as part of Navy’s 
long-range submarine detection project (AM, July 
1961). 


BOEING 727—The first production jig for the 
medium transport has been loaded. Peak tooling work- 
load to be reached next year. Approximately 1200 
people are currently employed in tooling the 727 in 
three divisions. Sales to date number 117 airplanes. 


CARAVELLE—Panair Do Brasil has pur- 
chased four Sud Aviation Carabelle VI-R transports 
with an option on two more. Sale was coordinated by 
Douglas Aircraft, making the fourth sale and 47 air- 
craft sold in the Douglas area. 


qX-15/BLUE SCOUT concept pro- 
posed by Ford’s Aeronutronic and 
North American Aviation would 
provide AF with recoverable space 
booster system. B-52 would carry 
X-15 aloft. After Blue Scout leaves 
X-15 launch rails, the rails are re- 
tracted into X-15 pylon. Blue Scout 
could be jettisoned and recovered 
should abort be necessary. Concept 
is said to offer two-thirds cost sav- 
ings over present guided or orbital 
Blue Scout launches, and reduce 
cost of probe or unguided missions 
by half. 
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CARAVELLE—An automatic landing system 
for the Caravelle jet is being developed jointly by Lear, 
Inc., and SUD Aviation of France. 


DC-8—FAA has approved re-shaping of lead- 
ing edge on wing to increase range and speed of 
Douglas DC-8. Change will be made on existing air- 
craft and will be incorporated on the DC-8F Jet 
Trader. A DC-8 flew beyond Mach 1 with the new 
leading edge. (AM, Oct. 1961) 


F-104G—tThe first German assembled F-104 
fighter has officially joined the German Air Force. The 
first aircraft was assembled on a Messerschmitt pro- 
duction line. Other F-104’s will be assembled at Hein- 
kel, Dornier and Siebel making a significant regrowth 
of the once defunct German aircraft industry. 


F-105D—In a successful test to check out the 
F-105D’s automatic target-seeking computer system, 
the Mach 2 jet launched a Sidewinder which destroyed 
an unseen jet drone. 


G.E. T-64—Turboprop engine flight testing is 
being initiated in a de Havilland Caribou. The T-64 
powers the tri-service VTOL transport to be jointly 
built by Ling-Temco-Vought, Ryan and Hiller. 


H-43B HUSKIE—tThe AF has claimed a new 
world altitude record of 32,000 ft for the Kaman-built 


RRs 


es 


SKYCRANE rotor systems and two free turbine ver- 
sions of Pratt & Whitney’s JT-12 jet engine undergo 
conditions of flight in a test bed at Sikorsky plant. Two 
of the 870 lb, 4050 hp engines will power the Skycrane, 
which is capable of lifting payloads of up to nine tons. 
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Huskie. 


Three new time-to-climb records are also 
claimed. Highest altitude in records is 29,526 ft; 
Huskie climbed it in 14 min 11.5 sec. 


HILLER HELICOPTER — Six place Model 
“Ten 99” powered by a Canadian Pratt & Whitney 
PT6 turbine engine is aimed at Navy, Marine, and all 
purpose civilian market. 


SST—The Air Force awarded a study contract 
to General Electric to determine optimum type of 
powerplant for a supersonic jet transport. The FY62 
budget includes $11-million for SST studies. 


T-38—Total sales have risen to 357 aircraft. 
Northrop T-38A trainers are being produced at a rate 
of 12 a month in Hawthorne and Palmdale. 


VTOL—Ling-Temco-Vought, Ryan Aeronauti- 
cal and Hiller Aircraft will develop the tri-service 
VTOL transport (Artist’s conception shown below). 
Chance Vought will serve as prime. Ryan will design 
and build aft section assembly, including tail surfaces, 
engine mounts and nacelles. Hiller will handle power 
transmission systems, gearing, shafting, propellers, flaps 
and ailerons. Four General Electric T-64-GE-6 turbo- 
props will be mounted on a tilting wing. VTOL will 
have a top speed of 400 knots at sea level. 


VTOL aircraft will be built by team of Ling-Temco- 
Vought, Ryan, and Hiller as tri-service transport. Con- 
tract calls for development and fabrication of five ex- 
perimental models. 
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B-58 rocket-powered escape capsule was jettisoned dur- 
ing 115 mph runway test at Edwards AFB. Capsule 
will shield three-man Hustler crew during ejection. 
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R/M ASBESTOS-PHEN 


the plastics that come back from outer space 


When you think of reinforced plastics for 
high-temperature parts, think first of R/M 
asbestos-phenolics. 

These advanced space-age plastics put you 
ahead in every important physical property— 
high strength-to-weight ratio, heat resistance, 
shock resistance, low thermal conductivity 
and diffusivity, and controlled ablation. 


RAYBESTOS-MANHATTAN, 


R/M asbestos-phenolics are available as 
felts, mats, molding compounds, and as 
molded rods and tubes for your prototype 
work. Delivery is prompt. And this complete 
line is backed by comprehensive technical 
data and know-how. 

Bring your thermal protection problem to 
R/M for a time-saving solution at lower cost. 


Se 
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ARCAS nose cone 
molded of R/M Style 
42RPD Pyrotex® mat. 


INC. 


M Reinforced Plastics Department, Manheim, Pa. 


SPECIALISTS IN ASBESTOS, RUBBER, ENGINEERED PLASTICS, SINTERED METAL 
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Ion engine uses the principle of 
electrostatic propulsion to gain 
thrust by ionizing cesium atoms and 
accelerating them out the rear of 
the engine. An ion engine uses 
about 20 or 30 times less fuel to 
produce a Ib of thrust than a chemi- 
cal rocket. Hughes-built ion engine 
and one built by the Lewis Research 
Center will be tested in space next 
year. 


Lightweight turbine driven by a 
rocket’s exhaust gases instead of 
heavy power sources, can power 
pumps for liquid propellants and 
oxidizers. A small solid propellant 
charge is used to start rotation. Fuel 
system was designed at Army’s Air- 
borne Test Activity, in Yuma. 


Magnesium-lithium alloys are 20 
per cent lighter than magnesium and 
more ductile due to crystal structure 
alteration. Alloys are resistant to 
penetration by high velocity par- 
ticles. Battelle Memorial Institute 
conducted research on alloys con- 
taining 11 per cent or more of lith- 
ium. Weight of magnesium-lithium 
alloys is about three-quarters that 
of magnesium, half that of alumi- 
num and one-quarter that of stain- 
less steel. 


Electric power can be produced 
by heating certain metals that are 
separated by a porcelain enamel. 
This new power conversion method 
was discovered by B. O. Austin of 
Westinghouse’s aerospace electrical 
dept. AF has awarded Westinghouse 
a $75,000 contract for further study 
of the Austin Cell. Such a cell could 
produce power from a rocket’s waste 
heat. 


High purity ceramic production 
method developed through AF re- 
search project. Direct metathetical 
precipitation of tetragonal barium 
titanate powder was used to produce 
99.95 per cent BaTiO, in pre-pilot 
plant lots. A pilot plant was de- 
signed which can produce 25 Ib lots. 
ITT researchers feel pilot plant is 
versatile enough to also produce 
compounds of zirconate, niobate, 
and tantalate groups with equal 
purities. 


Satellite display system can dis- 
play six satellite tracks simultane- 
ously. Tracks are visually present- 
ed on the face of a large-screen 
cathode ray tube on which a trans- 
parent Mercator projection overlay 
of the earth is superimposed. Real- 
time positions are shown as intensi- 
fied spots on respective tracks. Sat- 
ellite information is converted to 
punched tape and computer stored. 
Operator can callout information by 
pointing a “light gun” at his target 
of interest. System was designed at 
the AF Cambridge Research Lab. 


Polyurethane foam substituted 
for conventional sandwich construc- 
tion components, results in a cheap- 
er, lighter and stronger fin for rock- 
ets, according to an AEC study. 
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Communications system makes 
fighter plane interception of a target 
as automatic as it is with an un- 
manned missile. System, known as 
Time Division Data Link (TDDL), 
has proven successful in tests by the 
Electronic Systems Div., AF Sys- 
tems Command. TDDL was flown 
in F-102 nose during tests from 
Hanscom Field. System enables one 
machine to give instructions to hun- 
dreds of airplanes faster than any 
other known means. When an 
aerial target is detected, TDDL re- 
ceives command instructions from a 
ground-based computer in coded 
form. Computer directs distribution 
of commands to transmitter sites 
throughout the country. Instructions 
are then beamed to the aircraft. 
Message is decoded and displayed 
on the pilot’s instrument panel. 
Command can be passed directly to 
an automatic pilot for ground con- 
trol of intercept. 


Airframe bearings of titanium 
carbide and cobalt alloy, when 
teamed with stainless tool steel and 
chromium carbide rings can with- 
stand temp of 1200°F. General 
Motors’ New Departure Div. study 
for AF indicated that none of 25 
lubricating aids tested with the bear- 
ings significantly improved bearing 
performance. 
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Long experience and proven capability give Lockheed a great 
advantage: perspective on space. This results in programs 
that cover the broad spectrum of aerospace dynamics; that 
present the most far-reaching technological problems; that 
offer endless creative challenge to Scientists and Engineers; 
that give them new concepts to explore—new goals to reach. 
This far-ahead program in the concepts and vehicles of 
space creates a climate most favorable to advancement in the 
state of the art as well as in professional status. 
Scientists and Engineers with an eye to a secure and 
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A panoramic 
concept 

on space... 
you find it 
at Lockheed 


rewarding future will find these openings at Lockheed worthy 
of serious consideration: Aerodynamics; thermodynamics; 
dynamics; electronic research; servosystems; electronic sys- 
tems; physics (theoretical, infrared, plasma, high energy, solid 
state, optics); electrical and electronic design; structural 
design (wing, empennage, fuselage); human engineering; 
reliability; wind tunnel design. Write today to Mr. E. W. Des 
Lauriers, Manager Professional Placement Staff, Dept. 3912, 
2413 N. Hollywood Way, Burbank, California. An equal oppor- 
tunity employer. 


L © ] Cc K H E E D CALIFORNIA COMPANY 


A DIVISION OF LOCKHEED CORPORATION 
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BUDGET REVIEW 


The Kennedy Administration, in 
announcing what it termed a non- 
inflationary budget deficit of $6.9- 
billion for FY62, traced a large por- 
tion to increased outlays for defense 
and space spending. 

In a move to offset this record 
deficit, President Kennedy has called 
for an economy-drive through better 
management. He has asked all 
agencies “to exercise the maximum 
care in scrutinizing all expenditures, 
tightening requirements, postponing 
the initiation of deferrable projects, 
and phasing out any acceleration of 
spending which was initiated as an 
anti-recession measure.” 

The Budget Bureau reported 
some cost-cutting actions already 
initiated that will affect some mar- 
kets directly; others indirectly. 

@ In the AEC, modifications in 
uranium procurement contracts af- 
fecting pricing and deliveries will 
result in savings of $16-million. Im- 
provements in the operation of 
gaseous diffusion plants will produce 
an estimated annual saving of $4- 
million. 

@ Improved supply management 
procedures by NASA will save an 
estimated $3.4-million. 

@ DOD has launched a program 
to reclaim spare parts from aircraft 
to be scrapped, with savings esti- 
mated at $100-million annually. Re- 
duction of some military inventories 
will permit deactivation of storage 
space at an annual $26.8-million 
saving. 

@ The newly established De- 
fense Supply Agency, over the next 
several years, can reduce inventories 
by about $2-billion through im- 
provements and economies in de- 
fense logistics management. 

Extra Funds Ignored—Although 
not listed as a major money-saving 
move, Defense Secretary McNa- 


Market Planning 


mara has decided not to spend the 
extra $780-million voted by Con- 
gress for more B-52 bombers, and 
increased B-70 and Dyna-Soar de- 
velopment. 

DOD announced that “progress 
of the administration’s accelerated 
defense buildup make unnecessary 
the use of additional funds ap- 
propriated by Congress.” 

The Boeing Co. said the ad- 
ministration’s decision will have no 
immediate effect on the company’s 
Wichita operations. Current firm 
orders for B-52’s will extend deliv- 
eries into the fall of 1962. “In addi- 
tion present and possible future 
modification work on the current 
fleet of B-52’s will extend into 
1964,” Boeing said. 

Defense Secretary McNamara, 
in announcing the decision, said it 


“in no way means that our bombers 
are becoming obsolete.” McNamara 
added that our current force of 
1500 heavy and medium bombers, 
with supporting tankers, gives the 
U. S. more than enough aircraft 
capability through the 1960’s and 
into the early 1970’s. 

DOD has not changed its posi- 
tion on the B-70 development pro- 
gram since Congress added extra 
funds. A three-aircraft prototype 
effort “permits the continuation of 
essential technological developments 
and retains the option to proceed 
with the development of a complete 
weapon system at a later date.” 

A review of the Dyna-Soar pro- 
gram did not convince the adminis- 
tration that it needed more than the 
$100-million requested for FY62. 


. continued on next page 


GILPATRIC FORECASTS 
$18-BILLION FY62 PROCUREMENT 


Deputy Defense Secretary Ros- 
well L. Gilpatric predicts nearly 
$18-billion in actual procurement 
contracts and a “somewhat higher” 
total in FY63. Gilpatric indicated 
that total operating expenses are 
now running about $28-billion an- 
nually and R&D, test and engineer- 
ing expenses . . . “will rise from 
nearly $7-billion in the current year 
to close to $8-billion the year after.” 
Purchase of weapons, other military 
equipment and _ construction of 
bases will run $14-billion this year 
and will rise in FY63. 

“Outlays for aircraft are on the 
way down . . . they will run over 
$6-billion this year but less than $6- 
billion next year. Missile costs, both 
for ICBM’s and for shorter range 
tactical missiles and rockets, are 
still rising, from $4.6-billion this 
year to a slightly higher figure next 
year.” Gilpatric added that Navy 
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shipbuilding of about $3-billion an- 
nually will continue as long as DOD 
maintains the present fleet of over 
800 warships and supporting ves- 
sels.” 

In line with President Ken- 
nedy’s request, Gilpatric said “sig- 
nificant savings” can be made in 
developing new weapons systems. 
“We can no longer afford to finance 
such developments on a separate 
service basis. Where one system can 
meet the need of two or more serv- 
ices, it should be developed on a 
multi-service basis. A good start has 
been made in this direction in the 
development of a STO transport, 
the tri-service air superiority fight- 
er and the tri-service attack aircraft. 
We hope to extend the same system 
approach to surveillance drones, 
general utility aircraft. and to 
MRBM’s if it is decided to go ahead 
with such a project.” 
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Major military procurement in 
FY62 will be about $1,342-million 
higher than in FY61. Polaris and 
Minuteman will receive particular 
emphasis. Expenditures for Atlas 
and Titan will also be increased. 

Increased aircraft procurement 
for the Air Force will provide 99 
C-130’s and 45 C-135 jet trans- 
ports. Navy will get additional 
A4D-2N, F8U-2N and F4H-1 air- 
craft. Army will receive additional 
helicopters and fixed-wing aircraft. 

Stepped-up tempo of operations 
is estimated to increase operations 
and maintenance spending by $981- 
million. Research, development, 
test and evaluation expenditures will 
be $174-million over 1961. 

AEC spending will be $32-mil- 
lion below 1961 expenditures. In- 
creases due to resumption of nuclear 
testing, expansion of research pro- 
grams in physical and life sciences, 
and acceleration of the Rover nucle- 
ar rocket program and of the SNAP 
small-atomic-power-source pro- 
gram, will be more than offset by 
reductions in uranium procurement 
and by scrapping of the Aircraft 
Nuclear Propulsion (ANP) program. 


Space Spending—Actual space 
spending in 1962 will grow to about 
$2.5-billion. This represents direct 
government spending and does not 
account for allied projects funded by 
industry. By 1966 projected space 
programs should total $10-billion. 
The probable breakdown is shown 
in the following table: 


Millions of Dollars 
1960 1962 1966 
NASA 339 1672 #7000 
Military 561 1079 3000 
AEC 43 79 500 
Total 943. 2830 10,500 
Projects Nimbus and Tiros, 


basic meteorological systems, call 
for expenditures of $50-million in 
FY62. Echo, Rebound, and Relay 
Communications projects are draw- 
ing $91-million in FY62. By 1966, 
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spending for these projects will 
multiply. However, the biggest 
amount of money will be directed 
into Apollo, Saturn, and Nova. 


NASA—Expenditures in 1962 
for the civilian space programs of 
NASA will be $591-million higher 
than in 1961. Prime efforts are di- 
rected toward placing a man on the 
moon; speeding up the nuclear rock- 
et program; expansion of the me- 
teorological satellite program; and 
acceleration of communications sat- 
ellite development. 

Administrator James Webb said 
NASA’s FY63 budget will double 
1962 funding of $1.6-billion to meet 
the administration’s new goals. 

The supersonic transport pro- 
gram is one of these goals. The SST 
will require “many million of dol- 
lars” and attempts to overcome as- 
sociated problems may extend into 
the 1970’s, Webb said. 

FAA expenditures will require 
an increase of about $81-million 
above 1961. Improvement and 
modernization of the Federal air- 
ways system is being accelerated. A 


new study is being made to deter-, 


mine technical and economic feasi- 
bility of a supersonic air transport 
for civil use. 

Subsidies paid by CAB to sup- 
port airline operations will be in- 
creased by $5-million. 


NEAR/MID EAST 
AVIATION OUTLOOK 


The U. S. aviation industry can 
expect strong competition in the 
Near and Middle East from Europe, 
especially in sales financing. Lack 
of adequate surface systems in- 
creases dependence on air transpor- 
tation in the area. 

A study by the Business and 
Defense Services Administration in- 
dicates, “Economic development is 
needed not only to create demand 
for airplanes, but also to provide the 
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financial resources to pay for them.” 

U. S. exports of aeronautical 
products to the Near and Middle 
East in 1960 were valued at about 
$4.8-million, compared to $3.3-mil- 
lion in 1958, and $2.3-million in 
1959. 


MACHINE TOOL FUNDS 


The Defense Department will 
have $100,000,000 available for the 
purchase of machine tools and pro- 
duction equipment in FY62. Sixty 
per cent of this will go directly to 
the aerospace industry. (AM Oc- 
tober, 1961) 

Most of the funds have not been 
committed, but it is expected that 
they will be by July 1, 1962. The 
$100,000,000 will be allocated to 
the three services as follows: 


Air Force $60-million 
Army $25-million 
Navy $15-million 


About 60 per cent will be used 
for replacement of machine tools 
and about 40 per cent for new pro- 
duction lines. 


RESEARCH FORECAST 


Research spending in the U. S. 
will amount to almost $16-billion 
in 1962. Government will spend 
about $10-billion for research next 
year, reflecting stepped-up space 
and defense programs. Industry’s 
research bill will be about $5.5-bil- 
lion, up $600-million from the 1961 
estimate. Universities and founda- 
tions will spend another $350-mil- 
lion. By comparison, research 
spending totaled $14-billion in 1960 
and only $3-billion in 1950. 

Government supported 57 per 
cent of all research in the U. S. in 
1960 and it is likely that it will con- 
tinue for some time to provide over 
half of all research funds. 
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Growth of PERT 


Since the first PERT (Program 
Evaluation and Review Technique) 
program was completed in 1958, 
its use has spread through the mili- 
tary and industry. (NASA-PERT 
story, this issue. AM, Oct. 1961; 
AM, Sept. 1961; AM, Aug. 1961.) 

The RAF and British aerospace 
industry recently invited J. W. 
Pocock, president of Booz, Allen 
Applied Research, Inc. to discuss 
PERT with them. Pocock said that 
Booz, Allen & Hamilton has sur- 
veyed American industry and found 
that: 

@ Nearly half of the 100 larg- 
est U. S. defense primes are using 
PERT. 

@ At least 70 per cent of the 
75 R&D firms with the largest gov- 
ernment contracts are using PERT. 

@ At least 50 U. S. companies 
are using PERT to reduce time and 
costs for nonmilitary projects. 

@ Over 30 different models of 
U. S. computers have been pro- 
grammed to run PERT data and 
analyses. ‘ 

@ Nearly two dozen U. S. aero- 
space projects are using PERT. 

Pocock predicted that there will 
be more applications of PERT in 
1962 than its total uses in the last 
three years. 


Money-Saving Facility 

Republic Aviation Corp. ex- 
pects to be able to handle over 
a million dollars’ worth of produc- 
tion work in its new milling facility, 
that otherwise would have to be sub- 
contracted. 

The new $180,000 chemical 
milling facility will be used to pro- 
duce aluminum parts for the 
F-105D. It is part of Republic’s 
overall F-105D cost-reduction pro- 
gram started in FY59. Aim is to 
shave a million dollars from F- 
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105D costs by FY62. 

The company expects to save 
$125,000 a year with the new fa- 
cility. Republic holds a sub-license 
on the chemical milling process 
which was developed and patented 
by North American Aviation. 


White Rooms Obsolete 


Industrial white rooms have 
reached their limit of effectiveness, 
according to Stuart L. Parsons, gen- 
eral manager of the Equipment 
Manufacturing Operations of Philco 
Corp. 

Recent high volume production 
rates and the increasing advances 
in solid state science have greatly 
compounded atmosphere control 
problems. The net result has been 
an obsolescence of the white room 
approach. 

The white room approach al- 
ways results in a high cost of con- 
struction and maintenance. The cost 
of establishing white rooms in exist- 


No Hurry on Comsat Policies 
The President’s special White 
House Space Council has hung a 
“no hurry” label on its study of 
government patent policies on 
communication satellites. 

A spokesman for the Council 
told Aerospace Management that 
the group will take its time prob- 
ing for conflicts, similarities or 
overlapping in patent policies, 
chiefly among the top three fed- 
eral agencies involved: NASA, 
AEC and the Defense Depart- 
ment. 

The Council says no new con- 
tracts in the field will be negoti- 
ated next year. All present con- 
tracts contain a patent rights 
clause, the council says, so there 
is no need for a government-wide 

| policy before 1963. 
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ing buildings often approaches the 
cost of the production equipment it- 
self. 

Adequate and economical en- 
vironmental control for today’s ex- 
panded semiconductor industry can 
only be obtained by very close con- 
trol of contaminants in very limited 
areas; within larger “clean room.” 


Small Business Pool 


Four small firms in the New 
York City area have formed a pool 
to perform government R&D con- 
tracts. The Small Business Adminis- 
tration approved the move. 

The N.Y.R.A.D. Team, Inc., 
will seek R&D contracts in physics, 
radiation, optics, inertial guidance 
and electronics. By pooling, the four 
firms are in a better position to 
compete for prime R&D contracts 
than they would be individually. 

Included in the pool are: Aero- 
lite Electronics Corp.; Manhattan 
Physical Research Group, Inc.; New 
York Testing Laboratories Inc.; and 
Radiation Research Corp. 


Industry Notes 

United Aircraft Corp. has 
formed a Solid Rocket division to 
support its subsidiary, United Tech- 
nology Corp. The new division will 
act as a basis for ultimate volume 
production by UAC of solid rocket 
motors. 


Lockheed Aircraft Corp. re- 
ported a net profit for the first nine 
months of 1961 of $16,502,000 or 
$2.20 a share. Earnings for the 
third quarter were $7,279,000, com- 
pared with $5,485,000 for the com- 
parable 1960 period. 

Lockheed Propulsion Co. is the 
new name of Lockheed’s Grand 
Central Rocket subsidiary. 


. continued on next page 
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B. F. Goodrich Co. reported net 
sales of $559,690,620 for the first 
nine months of 1961, 4.8 per cent 
under the same period in 1960. Div- 
idends of $1.65 a share of common 
stock were paid for the first nine 
months of 1961 and of 1960. 


Taylor Fibre Co, has opened a 
warehouse in Hartford to give over- 
night delivery in the New England 
area. The warehouse stocks fabric- 
base and glass-base laminated plas- 
tics and glass-epoxy copper clad 
laminates. 


Radiation Inc. reported sales for 
FY61, ended August 25th, of $26,- 
244,383. Net income was $.60 per 
share, compared with $.20 for 1960. 


Purolator Products, Inc. has ac- 
quired On Mark Couplings, Inc. On 
Mark will be operated as a wholly 
owned subsidiary with Barry B. 
Willis and Herbert DiCenzo remain- 
ing as president and vice president 
respectively. 


Martin-Marietta Corp. is the 
new name of merged American- 
Marietta Co. and The Martin Corp. 
Sales of both companies totaled over 
$1-billion in 1960. Martin’s current 
backlog of defense contracts is over 
$1-billion. More than $200-million 
in Pershing contracts have been re- 
ceived by Martin since June. 


The Garrett Corp. had sales for 
the first quarter ended Sept. 30, 
1961 of $47,891,854. Earnings 
were $1,040,521 or 72 cents per 
share. 


Boeing’s Vertol Div. and West- 
land Aircraft Ltd. of Great Britain 
have signed a ten-year agreement. 
Westland will make, sell and serv- 
ice the Boeing Vertol 107. The 107 
can be powered by the De Havilland 
Gnome or by the General Electric 
T-58-8 turbine engines. The Gnome 
engines would probably be used in 
production by Westland. 
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TOP TEN 


IN R&D 


Dollar volume of top ten research and development contractors for the 1949-1959 period. 


R&D Company 

CONTRACTOR Contracts Invested 
North American Aviation.. $1,975,000,000 15,000,000 
General Electric.......... 1 ,000, 1,370,000, 000 
Sperry Rand Corp......... 854,272,580 132,622,231 
Hughes Aircraft.......... 800 , 000 , 000 28,400 ,000 
Western Electric......... 760,000,000 576,978,000 
The Martin Co........... 739,254 ,000° 064,000 
Aerojet-General.......... 689,745,717 3,596,833 

United Aircraft........... ,000 ,000 ,000, 
Northrop Corp............ 414,178,814 10,241,105 
Raytheon Co... .. 325, 000,000 38,000,000 


* For 1954-1959. 


Ogden Johnson, v.p., Ford, 
Bacon & Davis, Inc., consulting 
engineering firm: “The imper- 
sonal engineer with his slide rule 
and formulas . . . may be a dud 
in the executive suite.” Engineers, 
he added, are the second largest 
group among chief executives of 
America’s leading corporations. 
Automation and the increasing 
complexity of modern business 
require an engineer on every 
management team. “Yet the en- 
gineer’s technical training too 
often leaves him weak in inter- 
personal relationships and articu- 
late communication.” 


Winford T. Higgins, asst. to 
v.p., marketing, Intercontinental 
Electronics Corp., also spoke on 
air traffic control: “Certain mili- 
tary organizations have defined 
radar as their primary air traffic 
control system until at least be- 
yond 1975. All their training and 
procurement is being oriented ac- 
cordingly.” 


Dr. John A. Hutcheson, v.p., 
engineering, Westinghouse Elec- 
tric Corp.: “The United States 
may have a new method of power 
generation operating on the moon 
before one is operating full-time 
on a power company’s lines.” 


Maj. Gen. W. T. Thurman, 
director of Air Force procure- 
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PATENTS 
% Salesto Applied 


Used 
Government for Granted Pending commercially 


99 391 172 191 a 
25 804 471 258 40 
42 488 252 225 10 
96.6 458 174 225 

24.3 419 247 160 3 
97.4 120 79 41 oo 
98.9 328 25 0 
86.3 278 171 85 38 
90 361 328 33 0 
59 376 212 112 4 


** 42 licenses granted to members of Mfg. Aircraft Assn., no royalty income 


ment management, said the A.F. 
won’t conduct its new policy of 
increasing reward and penalty 
features of its contracting by 
“fiat.” For instance, “bringing 
a missile into production six 
months earlier than scheduled 
might do no good at all because 
the sites might not be ready, or 
the crew properly trained. We 
won't indiscriminately pay extra 
for higher performance, for 
greater reliability or earlier de- 
livery . . . but we will consider 
improvements that give us an ex- 
tra margin of defense . . . a re- 
liability improvement in a tran- 
sistor that is used in a missile 
would be extremely valuable. On 
the other hand, extending the 
range of that same missile by 
even 1000 miles might be opera- 
tionally valueless.” 


Joseph S. Imirie, asst. A.F. 
secretary, materiel, outlined new 
demands A.F. will make of in- 
dustry before current adminis- 
trative profit restrictions are 
relaxed. “We will consider pro- 
posals for profit levels that ex- 
ceed the administrative limita- 
tions all the way up to the 15 
per cent statutory limitations .. . 
but you can be sure we will do 
so only when the contractor’s 
performance far exceeds prede- 
termined standards.” 
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MAJOR CONTRACTS 


CONTRACTOR — FROM PROJECT PRODUCT/SERVICE CONTRACTOR Pinte ; FROM PROJECT PRODUCT/SERVICE 
(Millions) illions 
ACF Electronics. . 5 NAA Hound Dog Radar beacons Holston Defense 
Acoustica aS 11.6 Army _- Propeliants, explosives 
Associates...... 2.7 AF Atlas Propellant system Hughes Aircraft. . 2.9 AF F-106 Sight and antenna 
Adler Electronics. 1.5 General 1.4 AF - Radar work 
- Dynam. - Com-system 3.0 Navy _ Fire control systems 
Aerojet General 5.0 AF Titan | = and analysis : 6.0 Navy Polaris Guidance 
Me a Be Rocket — SR 14.5 AF B-52 — nay- 
2.2 Navy Jato jocket motors 
1.1 AF — Missile test kits Fens was ‘ir: 1.8 AF maa Com systems 
road ee ee craft Services... 1.5 AF c-121 Recondition 25 aircraft 
Air Products & Johns Hopkins U. = 11.1 sN Bumblebee, 
Chemicals 1.7 NASA Saturn a service a sad Transit Continued research 
American Bosch Kolisman 
Arma * 17.6 AF Atlas eee guidance Instrument. . .. . 1.9 AF B-52 Astro-compasses 
1.0 AF Atlas nplant support 
9.6 AF Atlas Guidance Ling-Temco- ; 
Avco Corp. 65.8 Army VRC-12 Radio systems Vought......... ay ad C-130 A Gpemtiane. Pacific range 
3.8 Aerojet Minuteman Rocket chambers 10 AF 130 Modifi el atone 
Bendix Corp...... 10.9 Nav -_ Pacific range operation 3.0 Navy a Atlantic range support 
4.5 few Advent Comsat modifications . = + on oe itt 
Benrus Watch Co. 2.0 _ Sidewinder Launchers, power sup- . : rmy Nke-Zeus jadar transmitter 
Hawk plies, guidance and con- Lockheed Aircraft 11.3 AF _ Satellite production 
Sparrow trol, and other com- en ~4 pe psa ———— 
ponents y gena juction —_ 
i i A j 1.7 Navy Polaris Static test vehicles 
ae 1 2 a Sa a Ney Hydrophone array 
8.7 Navy HRB-1 Helicopters for Marine a = Polaris Saeed oom co. 
Orps “ 4 - 
Bridgeport Brass. 4.2 Navy Zuni Parts 4.5 Navy Polaris Repair parts 
P ; 4.2 AF C-140 Seven aircraft 
Bulova Watch... . 1.0 AF Minuteman —_ 178.8 Navy Polaris Continue R &D 5 
i aM ; A : avy ‘olaris ngineering services 
Butler Mfg....... 2.2 Navy Aluminum landing mats 13 AF Classified Classified 
Cameron tron 7 . 7.4 Navy P2v Julie-Jezebel 
Works. . Stan's 2.7 Navy errier oosters and sustainers P 
Compudyne Corp. 1.6 AF 4-57 Engine test stands Marquardt Corp. . 2.4 AF ag pecan tong high a 
pe 1.9 AF Titan Hydraulic systems aie ramyet type 
“Works ne. 1.8 ew Mark 104 Practice bombs ——— 10.9 AF Titan II R & D and testing 
ontrol Data..... 1.1 Navy _ 1604 computer . 
‘9 Raytheon Sparrow 111 Components Honeywell... . 1.5 Navy — Signal converters 
Curtis-Wright.... 6.2 AF prs Engine parts Mite Corp........ 1.9 Navy - Airborne teletype 
10.0 AF C-124 Modify prop assemblies Mitre Corp....... 8.0 F Systems engineering 
C-133 and components Morrison-Knudsen 
& Paul Hardeman 7.8 AF Titan Little Rock missile site 
Dallas Airmotive . 1.9 AF R-2800 Overhaul engines, parts Motec Industries. 1.4 _- - Airborne and AGE 
Douglas Aircraft.. 6.9 AF - Develop facility for rocket 
fuze production North American » N 
1.7 Army Nike-Hercules Production Aviation........ 8.0 avy aoe 40 fan a 
19.0 NASA Delta Produce 14 vehicles 9 = — one gators 
57.7 Army Nike-Zeus Continue development 3 avy ato jocket motors 
Dynamics Corp. 1.7 Navy Polaris Nav systems : 
of America ..... 2.1 AF _ Ground power plants Northrop Corp... . at _ T 33 A ee 
. x itv 
Eastman Kodak. . 1.1 Navy Sidewinder Fuzes i vie i i 
Eby & Associates 6.4 AF Titan Construct launch site, Palies Comp... 8.8 esate —_ Ceieeting Govtese 
e McConnell AFB Ga Wananscae he = eas es eg —. - 
lectronic le rmy i ransistor walkie-talkie 
Assistance... .. 5.0 NATO _ Radar equipment Raytheon Co... .. 1.4 AF aoa Bomb/nav parts 
Elgin National 3.2 Navy _- Airsearch radar 
a 1.1 Navy Bullpup Fuzes 5.1 Navy Polaris R&D 
2. — Sparrow, Production 9.4 Army Hawk Service and data 
—, Serv-Air, Inc... . 5.2 AF _ Operations, Vance AFB 
Spartan Corp... .. 6.2 Navy a Sonobuoys 
Farmers Tool & Sperry-Rand.... . 2.8 AF C-135, C-141 Search radar 
Supply......... 1.0 Navy Sidewinder Wing assemblies Ed 1.5 Navy Polaris Systems management 
Fluor Corp....... 7.0 AF Titan Launch facility, Davis- 1.5 AF C-130 Autopilot 
: Monthan AFB 1.0 Navy Polaris Nav system alterations 
Ford Motor Co... 8.0 Army Shillelagh Continue development 3.4 Navy TPS-34 Radar : 
Gereti Cem 12 AE F-108 Constant speed drive | Sylvania Electric. ‘3 ew ie f & 0 com cocinent 
18 Navy Ratbtebes R&D 2.3 AF = Magnetrons, klystrons 
13.0 Army Mauler Continue development Texas Instruments 1.5 Navy Shrike Guidance 
3.0 Army Nike Ajax _ 1.2 Navy _ Radar components 
Nike Hercules Thiokol Chemical 4.0 Navy Bullpup Liquid propellant 
25.0 Navy Terrier-Tartar | Guidance control Thompson Ramo 
4.8 AF -- Training facility Wooldridge... . 8 Gen. 
20.0 AF Atlas F Support equipment Dynam. Atlas F Closed circuit TV 
3.2 AF Atlas F Training site 6 Cubic _ Computers, Atlantic 
General Electric 72.9 AF J-79-GE-8 Turbojet engines range 
1.5 Navy Polaris Spare parts Transport Co. of 
45.7 AF Classified Classified Wi vecs'ven « 12.1 Navy _ Logistics support 
24.9 AF _ Ground electronics Treadwell Co., 
6.4 = > Site com systems 4 ee 1.7 Navy Polaris Electrolytic generators 
A AF idowinder par pte wg worl United Aircraft... 1.7 AF = Prop overhaul 
3.0 NATO F-104 Engine components 27.8 Navy 452 Engines for AF 
2.0 Army Vulcan Production 2.6 Navy 560 Engines for trainers 
2.9 Navy Sidewinder Guidance equipment 1.8 Navy 460 Engines for AF 
34.4 AF T-38 Engines 1.8 Navy TF33 Engines 
2.0 AF - Telemetry ee 
General Motors. . 2.0 AF Titan Training Vestan Assestatne na ad Kciyetrene 
General Precision 2.2 AF C-130, Components, spare parts, Western Electric. 20.4 Army Nike Hercules Ground equipment 
oe ground Rar seg and a 3 yee ao _ , } ear ne development 
130B tech publications . rmy ike Hercules juction 
1.0 AF T-37, B-58 Service, Link trainers 1.5 Army Nike Ajax Documentation 
1.9 Navy S2F Trainers, Link Western Gear.... 5.0 Martin ‘Titan tl Silo shock systems 
1.0 AF _ Landing system Westinghouse 
Goodrich, B. F... 1 Navy = Aircraft de-icer boots Elecite. ....... 1.9 Navy Polaris R&D 
Grumman Aircraft 11.8 Navy Hydrofoil Design, production 10.9 Navy — _— D, nuclear propul- 
sion 
Hallicrafters Col... 8.3 AF B-52 Com equipment 1.8 Navy Polaris Recorder systems 
Hazeltine Corp... 1.9 AF T-38, T-39 Transceivers 16.8 Navy -- Sub reactor components 
Hercules Powder . 3.0 Navy Polaris Propellants research 1.2 Navy Polaris Recorder systems 
4.3 AF Minuteman Third stage engines 1.0 NASA _ Arc heater 
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THE COVER STORY 


by John P. Kushnerick 
Managing Editor 


A lot of companies depend 
too much on military work. 


EXCLUSIVE 
INTERVIEW 
WITH.... 


& “We talk about trouble, mostly.” 
That’s the way Gen. Curtis E. Le- 
May, Air Force’s top military man- 
ager, describes his daily meetings 
with Eugene M. Zuckert, Air 
Force’s top civilian manager. 

At 0845 sharp, the General 
strides, behind a cigar, into the 
Secretary’s office, whips out his 
“problem book,” and for 15 min. 
Air Forces’ most intimate family 
problems bounce around room 871 
in the E-ring fourth floor. 

LeMay meets his own staff once 
a week. Sees the Vice Chief two to 
three times daily and hears from the 
top-policy making Air Force council 
twice a week. His meetings with the 


One weapon system in 15 
years is not good enough. 


Fred Smith runs the AF. 
My attention is directed up. 


The ZUCKERT-LEMAY 
MANAGEMENT TEAM 


Secretary may take the form of re- 
laying the findings of the staff, it 
may be a broad. “bringing up to 
date,” or it may be a discussion of 
Air Forces’ greatest problem, “tech- 
nical manpower.” But when the 
two part company, the wheels of a 
smooth management organization 
will bring swift results. 

LeMay will dump Air Force op- 
erating problems in the lap of his 
Vice Chief of Staff, Gen. Fred H. 
Smith, Jr. “He runs the Air Force.” 
says LeMay. “I’ve delegated that 
responsibility to him. He works 
down, and I work up.” Problems of 
policy will be handled by LeMay 
and his Air Staff or Air Council. 


Secretary Zuckert is similarly 
selective of the problems he handles 
personally. Under the glass on his 
desk is a list of troubles on which 
he wants to concentrate. This list 
is there as a constant reminder. It 
includes: Guidelines for the Fiscal 
63 Budget; Control Procedures for 
Priority Projects; The Air Force Re- 
organization; Army Cooperation 
with TAC for Close Air Support. 
There are about 20 problems in all. 

Secretary Zuckert says, “this 
(defensive management) is just as 
important as offensive management. 
It is wrong, but it is the basic con- 
cept of military management.” 

LeMay and Zuckert have a high 


ET 


ote: 


A revolution in management occurred in Air 
Force during 1961. The upheaval was not 
easy. But, the need for speed in weapon sys- 
tem acquisition meant the two-headed mon- 


ster of AMC and ARDC had fo die. 


20 


if 


New men and new systems came fo the 
forefront. Quartered in Pentagon's 
"brass ring" at the apex of the new 
management look, is the unlikely team 
of an easy-to-talk-to civilian, and a 
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If Curt were in business 
they’d put up a statue... 


regard for one another. They form 
what many call AF’s management 
team. “If Curt were in the business 
world they would put up a statue 
of him. He is perfect for the times; 
we have a unique relationship,” the 
Secretary says in heaping praise on 
his top general. 

LeMay is less free with his 
words. He is a master of the under- 
statement, “the Secretary and I see 
eye-to-eye on most things—we don’t 
have too many arguments.” 

What’s Wrong — Zuckert and 
LeMay manage a $20 billion enter- 
prise. It's big, and lot of things go 
wrong. 

“The horror cases are obscure 

.. with a $20 billion establishment 
we must be allowed a few mistakes,” 
says the civilian chief. 

LeMay comes straight to the 
point. “What’s wrong is too many 
people want an arsenal concept, | 
have always contended we don’t 
need it; I still think so.” 

“We rely too much on CPFF. This 
is incentive in reverse. The more 


tough colonel-eating Gen- 
eral. This article is a focus 
on the men and the man- 
agement systems they will 
use to reshape the AF. 


Aerospace Management e 


Management is people, not 
a system of charts.... 


these companies spend the more 
they make . . . we need to develop 
a new system of incentives.” 

The Biggest Problem—On one 
thing Zuckert and LeMay sing a 
duet in flawless harmony, “People 
are our biggest problem . . . getting, 
training, and retraining good peo- 
ple.” 

Air Force’ indeed needs good 
technical people. It is not only op- 
erating the most complex weapons 
we have ever known, it is managing 
their entire life span from design, 
thru development and deployment. 

Sect. Zuckert tells of a General 
who once said to him, “I didn’t 
get in this outfit to solve these kinds 
of problems (management), I got in 
to fly.” He adds, “we don’t have 
people like that around now.” 

The kind of people Zuckert 
“has around” are General Bernard 
Schriever, Commander AFSC, “. . . 
brilliant.” General Fredric H. Smith 
Jr., Vice Chief of Staff “. . . tops 
in administration.” General Walter 
C. Sweeney, Commander TAC “.. . 


We make mistakes, but the 
horror cases are obscure. 


Our space program is OK. 
Dyna-Soar gets '63 funds. 


hell do for TAC what LeMay did 
for SAC.” Lt. General Edward J. 
Timberlake, DCS Personnel, “. . . 
he'll get us the kind of people we 
need.” 

These are just a few of the new 
breed of management minded gen- 
erals serving in top Air Force posts. 

Change of Pace—Air Force has 
undergone a management revolution 
since the Zuckert-LeMay team came 
in. They didn’t instigate all of the 
changes, but they put a lot of horse 
power behind the whole concept 
of change. 

LeMay says “the biggest change 
has been one of pace. It used to be 
one of leisure, now it is one of 
emergency. To bring one weapon 
system through full development in 
15 years used to be a good record 
... not any more.” 

Whet has changed the whole 
concept of military management is 
the rampaging pace of technology. 
In the past it was considered a ne- 
cessity to conceive, build, test, as- 
semble, and deploy weapons in cau- 
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ZUCKERT-LEMAY TEAM 


.. . continued 


tious step - at - a - time progression. 
This was to minimize risk and re- 
duce the cost of failures. 

The management structure that 
is Air Force today got its biggest 
boost in 1954 when the inadequacy 
of the time honored approach to 
weapons development became 
clearly apparent. Dr. John von Neu- 
mann, heading a special investiga- 
tive committee advised that the de- 
velopment of the ICBM proceed 
“with all stops pulled.” Von Neu- 
mann advocated upheaval in man- 
agement. The aim was to compress 
to a minimum the lead time in 
weapons development. There were 
three specific suggestions: 

@ Let the Air Research and De- 
velopment Commands’ Ballistic 
(BMD) have full responsibility 
for design, development, pro- 
duction and deployment of the 
ICBM. 
© Bring in the top research and 
industrial firms to work with Air 
Force as a management team. 
®@ Adopt a radical management 
called “concurrency.” In this 
approach the step-by-step pro- 
cedure would be abandoned in 
favor of simultaneous develop- 
ment, test and production of the 
weapon system and its support 
and launch complex. 

BMD was given unprecedented 
authority, as a semi-autonomous 
agency, to push the ICBM on a day 
to day basis. The object was to by- 
pass the inevitable delays in the 
decision-making machinery of a 
huge establishment. The upsurgence 
of BMD and its parent ARDC 
eventually broke the back of the Air 
Material Command (AMC), which 
at that time was trying to manage 
procurement and production. 

The Big Switch—Looking back, 
Sect. Zuckert says of that manage- 
ment structure “it was impossible.” 
But Air Force struggled with the 
ARDC-AMC set up until the spring 
of 1961, when under Zuckert and 
LeMay Air Force made the big 
switch. 
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What Air Force has today is not 
a Zuckert-LeMay system. It is the 
result of a painstaking two year 
study of systems management, and 
the speculation that Air Force 
would receive a military mission in 
space. 

Every major weapon system 
which Air Force is funding today 
is simultaneously in development 
and production. In most cases op- 
erational testing and site activation 
are also proceeding at a rapid pace. 
Who should have responsibility for 
these system? The developer 
(ARDC) the producer (AMC) or 
the user (operating commands)? 

To make the system work at all 
ARDC was slowly taking away 
many of AMC’s functions. It eventu- 
ally directed practically all pro- 
curement and contracting. The 
amount of cooperation and _ inter- 
relationship between AMC and 
ARDC became so complex as to 
make it impossible to identify, de- 
fine, and assign responsibility. (See 
Fig. 1.). 

Field Management — In the 
spring of 1961 Air Force set up 
an Air Force Systems Command 
(AFSC), and Air Force Logistics 


SECRETARY OF THE AIR FORCE 


Command (AFLC), and an Office 
of Aerospace Research (OAR). 

The whole cycle of weapon sys- 
tem acquisition is now under a sin- 
gle manager, AFSC. This command 
is doing practically everything done 
by ARDC in the past, and has taken 
over the management of production, 
procurement, and site activation 
which was once an AMC function. 

OAR has been given separate 
status to insure that research people 
are not overwhelmed with the pres- 
sure of making workable systems. 

Staff Management—That is the 
organization that Zuckert and Le- 
May have in the field to keep the 
machinery turning. 

Closer to home, the Air Staff, 
the key people that sit close to the 
Secretary and Chief of Staff, have 
also been shaken up. (See Fig. 2.) 
And Lt. General Mark G. Bradley, 
Jr., emerges as one of the most in- 
fluential figures. As Deputy Chief of 
Staff for Systems and Logistics he 
has been given control over opera- 
tions that were previously con- 
ducted in two different offices. Gen- 
eral Bradley has cleaned up “in 
house” management of Air Force 
with his “Project Moneytree,” an 
AF-wide conservation program he 
concocted while droning cross-coun- 
try at the controls of a C-54. 

Eleven Priority Projects — To 
speed the acquisition of key weapon 
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Fig. 2. This is how Air Force is now lined up for weapon system acquisition. 
Air Council is shown in color. Gen. LeMay as top military man works up, dele- 
gates other matters to Vice Chief of Staff Gen. Fred H. Smith, Jr. 
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systems, several System Staff Offices 
(SYSTO’s) have been established. 
Eleven high priority systems are 
called “Designated Systems.” They 
are: Atlas, Titan, Minuteman, B-70, 
SACCS, GAM-87, Dyna-Soar, 
Midas, Saint, Discoverer, Big Boost- 
ers. About 50 other SYSTO’s exist 
to supply the Air Staff data on the 
non-designated systems. All of the 
Designated Systems will soon be us- 
ing PERT II to aid their develop- 
ment. 

Each SYSTO is headed by a key 
Air Force Officer. The SYSTO of- 
fice. is not a manager. But for get- 
ting decision-making information to 
the top, he becomes the focal point. 

Secretary Zuckert says “this man 
is a walking information file. He has 
to know everything there is to know 
about his specific system—and he 
has to know it NOW.” 

The SYSTO chairs the Air Staff 
Working Group and has the un- 
pleasant task of prodding LeMay’s 
Air Staff to action. He keeps close 
liaison with Headquarters AFSC 
and with the System Program Di- 
rector (SPD), who is the kingpin in 
the field organization, and is the 
actual manager of systems acquisi- 
tion. SPD is the focal point for Air 
Force dealings with industry. 

Red Line of Decision—Using 
SYSTO’s Sect. Zuckert has a direct 
line to all his priority projects and 
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can summon the Air Staff for ad- 
vice or action through what he calls 
“the redline process.” (See Fig. 3.) 

This is how Zuckert’s “redline” 
works. The System Program Direc- 
tor in AFSC, who is the key man in 
the field, might spot serious trouble 
on a “Designated Project.” He is 
the judge of whether the problem 
is serious enough to be “redlined.” 
If he decides “yes” the matter goes 
straight to Zuckert’s attention to be 
resolved. After consultation with 
Gen. LeMay, the problem may be 
judged serious enough for the ad- 
vice of Sec. Def. McNamara. Using 
the “red line,” vital problems re- 
ceive the equivalent of corporate at- 
tention in the Systems Review 
Board, and the Designated Systems 
Management Group (DSMG). Sec- 
retary Zuckert as chairman of 
DSMG, makes all final decisions on 
“redline problems.” See Table I for 
full DSMG membership. 

Package Program—Now at the 
apex of this new AF management 
concept sits the Zuckert-LeMay 
team. At the base or at the working 
level sits the man who can make the 
difference between timely, economi- 
cal weapon acquisition and late, ex- 
pensive reworks. He is the Systems 
Program Director (SPD) discussed 
earlier. 

A key weapon is SPD’s arsenal 
of effective management is the Sys- 


Fig. 3. Air Force has labeled eleven projects as “Designated Systems.”’ They 
get special attention. On critically urgent matters the “red line” decision is 
effected. Problems go straight to Sec AF or SecDef. 
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TABLE | 


DSMG MEMBERSHIP 


(Designated Systems 
Management Group) 


. Secretary of Air Force (Chairman) 
. Chief of Staff 

. Vice Chief of Staff 

. All Assistant Secretaries 

. The General Counsel 

DCS Operations 

DCS Research & Technology 

. DCS Systems & Logistics 

. The Comptroller 

. Commander AFSC 


. Director Office of Missile & 
Satellite Systems 


. Chairman, Systems Review Board 
. Secretary DSMG and SRB. 


a 
KOWOMNAUAWNHH 


a 
Wr 


tem Package Program. This docu- 
ment reflects what resources, guid- 
ance manpower, money, and actions 
are necessary for any weapon. It is 
the basic tool for planning and im- 
plementing weapons acquisition. 

It is with the total Air Force 
set of System Program Packages 
that Zuckert and LeMay are now 
“rassling,” in the words of the 
General. 

Will industry have benefit of 
this data for its own planning in- 
formation? Secretary Zuckert says, 
“Some already have it; the primes 
help us develop these figures. In- 
dustry must have a clear picture of 
our long-range budgeting. But how 
much we can tell, and who we can 
tell is a big problem at the mo- 
ment.” 

Commenting on the fiscal ’62 
budget and the recent pronounce- 
ment by Sec. Def. McNamara that 
the additional B-70 funds would not 
be spent, Zuckert shrugged casually 
“you can’t win ’em all.” In sharp 
contrast LeMay says seriously and 
professionally, “the fiscal °62 pro- 
gram is still as originally scheduled, 
and our fiscal 63 program includes 
B-70 funds. 


- 


A SINGLE REPRINT 


of this article is available as long 
as the supply lasts. Write on com- 
pany letterhead to: The Editor, 
AEROSPACE MANAGEMENT, 56th 
& Chestnut Sts., Phila. 39, Pa. 
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A big budget, big plans, and big management problems 


yes 2% 


sum up the NASA situation. But NASA is doing something about 
its problems. It has realigned its chain of responsibility 


and has laid detailed plans for the use of PERT in its key 


projects. HERE ARE THE DETAILS ON... 


NASA's Plans For PERT 


by Tom Mac New, Editor 


> With the recent reorganization 
of NASA management responsibili- 
ties and the use of PERT (Program 
Evaluation and Reporting Tech- 
nique), NASA has taken the first 
steps to establish a strong efficient 
management of its many projects. 
Primarily, to get new projects like 
Apollo moving at a rapid and re- 
liable pace, NASA is pinning great 
hopes on its version of the manage- 
ment reporting technique. 

Giving credit where due, the 
civilian space agency frankly admits 
borrowing the Navy-developed sys- 
tem. NASA says that PERT has an 
advantage over most other systems. 
The advantage comes in the form of 
getting more vital information, 


quicker and easier, in a readily use- 
able form. 

NASA vs Navy PERT—There’s 
a major change in the NASA sys- 
tem. <A_ single time-estimate is 
used rather than the Navy’s three 
time-estimate plot. Other than that, 
there are only minor changes. 
As NASA works more closely with 
the system, it certainly has inten- 
tions to refine the technique toward 
its own goals. 


Don’t Expect Miracles—NASA 
cautions industry that its system 
is not a panacea for ineffective 
management. If you have a chain- 
of-command type problem, don’t 


NASA Management Tools 


@ Project Development Plans 
(PDP)—the key to a summary 
level network. This plan will pro- 
duce the basis for development 
schedules, budget breakdowns, 
and subsequent financial and 
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progress reporting. 

@ Agency - Wide Coding Struc- 
ture—for uniform status reporting 
by all project participants. Usually 
comes into being after approval 
of the PDP. 
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expect PERT to solve it. PERT 
might point out the problem but 
remember that the program is only 
as good as the initial data re- 
porting. PERT doesn’t show up 
“lies” until after the fact. 

The Office of Programs stresses 
that PERT should not be thought 
of as “management by that fast, 
dumb, obedient servant—the com- 
puter.” 


How To Work With PERT— 
Basic feature of the system is to 
determine the “critical path” and 
focus management attention on the 
current or potential problem areas 
within a project. Caution! Preoccu- 
pation with the critical path can 


®@ Contractor Financial Report- 
ing System — must follow basic 
project matrix. Line items reported 
should be segmented to provide 
an easy fit into summary project 
level. 
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lead to complacency in managing 
other parts of the project. Thus, the 
requirement for establishing sched- 
ules for and monitoring the accom- 
plishment of tasks not on the critical 
path still exists and must be ef- 
fectively executed. Otherwise, the 
system can lead to ill control and 
poor use of resources. 

Networks used in the NASA- 
PERT system must be set up and 
maintained by competent technical 
review. 

Achieving this objective will re- 
quire the establishment, develop- 
ment and refinement of certain man- 
agement and reporting mechanisms. 
These are necessary to provide a 
framework within which it will be 
possible to systemize the time-re- 
source relationship. These systems 
include such items as Project Devel- 
opment Plans, an Agency-Wide 
Coding Structure, and a Contractor 
Financial Status Reporting tech- 
nique. It is too early to tell whether 
the establishment of a literal rela- 
tionship between the time and re- 
sources factors, at the most detailed 
level of project planning and con- 
trol, is feasible in terms of cost. 

There have been many efforts, 
both inside and outside the govern- 
ment, to furnish updated cost pre- 
diction in parallel with time fore- 
casts. The Office of the Assistant 
Director for Management Reports, 
NASA headquarters, is keeping 
abreast of developments in this area 
with the ultimate objective of pre- 
scribing a feasible cost-time corre- 
lation system for NASA-PERT. 

Cost vs. Funding—Recent, suc- 


@ Requests for Contract Pro- 
posals (RFP) — initial step in 
contracting process. Lays basic 
groundwork for integrated tech- 
nical - financial planning, control, 
and status reporting. 
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FIELD CENTER ORGANIZATION 
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FUNCTIONAL FLOW DIAGRAM 


FIELD CENTER 
PROJECT MGR, 


@ INITIATES 
COMPUTATION 
REQUEST 


FIELD CENTER 
MGMT. RPTS, STAFF 
(PERT GROUP) 


FIELO CENTER 
COMPUTER 
SUPPORT 


INPUT DATA 
FROM 
SYS-MGR. A 


CONTRACTOR X 


@ CHECKS INPUT 


@ COMPUTATION 


@ PREPARES 
COMPUTATION 
INSTRUCTIONS 


PROCEEDS WITH 
NETWORK 
UPDATING 


OUTPUT 
VALIDATION 


@ ANALYSIS 
@ ACTION 


COMPLETE 
NETWORK 
UPDATING 


ANALYSIS 
(After release of 
updated network 
& outputs) 


@ RE-CYCLE IF 
NECESSARY 
OR 
@ RELEASE FOR 
DISTRIBUTION 


Typical Field Center Organization portrays the elements required for implementa- 
tion and administration of NASA-PERT as a part of management reporting. The 
basic capabilities required exist currently in most NASA field centers but in many 
cases are splintered and not centralized. Unless the organizational entities and 
their respective functions are well defined, smooth channels will not exist to ac- 
complish the rapid flow of data envisioned in the functional flow diagram. 
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NASA’s Plans For PERT. . . 


continued 


cessful applications of the cost-re- _ universally applicable methodology “cost” and “funding.” For PERT 
sources feature to PERT networks _ will become available to NASA as __ purposes “cost” refers to the use of 


have been reported. However, these the result of the specific studies be- resources, i. e., dollars, manpower, 
only prove that the rules for appli- ing conducted elsewhere. NASA material, etc., whether historical or 
cation must be specific to the or- will have to develop its own system. _ predicted. “Funding” is the term 
ganization and project making the A clear distinction must be made __ used to describe the process of pro- 


attempt. It is hardly likely that a between the two financial terms viding resources. For example, if a 


NASA-PERT Sample Network 
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valid time-cost relationship is 
worked out for a project, and the 
prediction is made that a particular 
activity because of a time slippage 
will require X dollars to complete 
instead of Y dollars, the amount of 
X dollars is the new predicted cost. 
A determination then has to be 
made as to whether resources al- 
locations within the project will be 
shifted or whether additional re- 
sources will be added to the project 
to “fund” the new cost requirement 
for the activity. 

Major NASA projects may con- 
tain several thousand or more 
events and activities in their de- 
tailed PERT networks. If each of 
these several thousand activities, 
measured in time by the beginning 
and ending event, were also a cost 
account in the financial system for 
the project, a direct one-to-two rela- 
tionship would exist for time and 
cost measurement and prediction. 
Assuming a linear relationship be- 
tween the two factors, it would be 
relatively easy to parallel cost status 
output with time outputs. However, 
the accounting systems at NASA 
Field Centers and most contractors 
currently do not provide sufficient 
machine processing capacity to ac- 
commodate this detailed level of 
cost accounting. Therefore, initial- 
ly the time-cost relationship in 
NASA-PERT will have to be estab- 
lished at a more summary level such 
as major task or subsystem. How- 
ever, at least one large aerospace 
contractor has provided sufficient 
machine processing and is achieving 
successful correlation of costs using 
the basic PERT technique. 


New Slant Needed—To estab- 
lish the time-cost relationship will 
require rethinking and revamping of 
certain practices and systems in ad- 
ministrative areas, particularly con- 
tract negotiation and administration 
and financial management (NASA 
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NASA-PERT Proposal and Contract Clause 


Pending formal revision of NASA Form 229, Sample Request 
for Proposals, and Part 7, Contract Clauses of the NASA Procure- 
ment Regulations, the following statements are provided for interim 


guidance; 


1. Request for Proposals: 

Paragraph A7 of the tech- 
nical proposal should read as fol- 
lows: 


“A proposed time schedule 
for performance of the work 
should be set out by phases or 
parts of the project, and show 
interrelationships among phases. 
This proposed schedule should be 
supported by an accompanying 
PERT network, prepared in gen- 
eral conformity with the instruc- 
tion of the NASA-PERT Hand- 
book. 


“Contractors are advised that 
the successful contractor will be 
required to implement the 
NASA-PERT system and report 
program progress bi-weekly.” 


internal and NASA contractors). 
The basic principle is that these 
administrative mechanisms must be 
applied to projects in terms of suc- 
cessively detailed level breakouts of 
the job to be done. This would in- 
clude the total project, major sys- 
tems within total project, subsys- 
tems within major systems, tasks 
within subsystems, subtasks within 
tasks, and finally activities or series 
of activities which add up to the 
tasks or subtasks in the detailed net- 
works. To effectively establish the 
time-resources relationship, it is 
necessary to establish such a matrix 
for the project to allow an upward 
summarization of detailed network 
activities to the subtask, task, sub- 
system, system and finally total proj- 
ect level. The establishment of a 
coding structure to identify these 
subdivisions of a project can then 
furnish the basis for both time and 
cost reporting. 

Application to all projects will 
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2. Program Progress Reports 
Clause (NASA PR 7.5028): 

This clause should be re- 
vised by deleting the present sub- 
paragraph (b) and substituting 
the following: 

“The NASA-PERT system 
shall be implemented and main- 
tained in accordance with the 
NASA-PERT Handbook, NASA 
Management Instruction, and 
such other instructions as may 
be issued from time to time. The 
system shall be implemented by 
a PERT team consisting of rep- 
resentatives of the contractor and 
of NASA. After implementation, 
the contractor shall submit bi- 
weekly reports to the NASA 
Project Manager and/or Systems 
Manager, or as otherwise desig- 
nated by Contracting Officer.” 


not be possible on an immediate 
time scale for many “practical” 
reasons. 

In general, cost-accounting sys- 
tems within NASA and within con- 
tractor organizations provide good 
detail by project, within functional 
departmental subdivisions. For ex- 
ample, within a aerospace company 
the engineering effort on the project 
level would most likely be account- 
ed for by government contract. But, 
the successive subdivisions of the 
project, in terms of project systems, 
subsystems, etc., would not be ac- 
counted for by the engineering de- 
partment. Thus, refinement in the 
cost system cross-cutting functional 
lines to get at the functional depart- 
ments’ contribution to components 
of the project is required. Only then 
will a summarization of the project 
by task, subsystem and system be 
possible. This effort will also entail 
reorientation as well as training of 
personnel who incur the cost and 
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NASA’s Plans For PERT. . . 


continued 


who must identify them within the 
project matrix. 

IMogical Subdivision—C urrent- 
ly, the cost matrices used in contract 
negotiations both between the gov- 
ernment and contractors, and con- 
tractors and their subcontractors, do 
not necessarily follow the logical 


successive subdivision of the project 
in terms of systems, subsystems, 
tasks, etc. Also these matrices have 
not always been retained as a base 
point for later administration of the 
contract or subcontracts. This prac- 
tice must be modified to establish 
time-resources correlation. The 


matrix used in negotiations must 
be the universal project manage- 
ment matrix to be used also for 
later contract administration. Finan- 
cial reporting must also be on the 
basis of the matrix used in original 
project setup and contract negotia- 
tion. 


———GLOSSARY— 


ACTIVITY—An event is separated from 
other events by activities. An activity 
is a time-consuming element in the 
development process. It is represented 
on a network by an arrow. An activity 
cannot be started until its preceding 
event has been accomplished. A suc- 
ceeding event to an activity cannot be 
accomplished until the activity is com- 
plete. 


ACTIVITY TIME—F€Estimate of the time 
necessary to complete an activity in a 
specified manner. This time is speci- 
fied in weeks and tenths of weeks. 


CRITICAL PATH — Particular sequence 
of activities in a network that comprise 
the most rigorous time constraint in 
the accomplishment of the end event. 
The path with the smallest amount of 
positive slack or largest amount of 
negative slack. 


EVENT —A meaningful specified ac- 
complishment in the plan recognizable 
as a particular instant in time. (The 
boxes on a network) 


FLIGHT MISSION (OR MISSION) — 
Within a project, the specific scientific 
or technical objective(s) to be accom- 
plished by a given launching of a space 
vehicle or launch vehicle. 


MANAGER—Individual in the field cen- 
ter who is assigned the operational re- 
sponsibility for executing to completion 
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the development and operation of a 
project, a system, or a flight mission. 
(Project Manager, System Manager, 
Flight Mission Manager). 


NEGATIVE SLACK — Amount of time 
which is not available to perform the 
series of activities in a particular slack- 
path and still meet the required com- 
pletion date. 


NETWORK — Sequenced diagrammatic 
representation of events and activities. 


POSITIVE SLACK — Amount of addi- 
tional time which is available to per- 
form the series of activities in a par- 
ticular slack-path and still meet the 
required completion date. 


PRECEDING EVENT—See ACTIVITY. 


PROGRAM-—A related series of under- 
takings which are funded for the most 
part from NASA's Research and De- 
velopment appropriation, which con- 
tinues over a period of time (normally 
years), and which are designed to ac- 
complish a broad scientific or tech- 
nical goal in the NASA long-range plan. 


PROGRAM CHIEF—The staff individual 
in Headquarters to whom a Headquar- 
ters Program Director has assigned 
cognizance over a program. 


Aerospace Management « 


PROJECT—Within a program, an un- 
dertaking with a scheduled beginning 
and ending, which normally involves 
one of the following primary purposes: 

@ Design, development, and dem- 
onstration of major advanced hardware 
items; 

@ Design, construction and opera- 
tion of a new launch vehicle (and as- 
sociated spacecraft and ground sup- 
port) during its research and develop- 
ment phase; or 

@ Construction and operation of 
one or more space vehicles and neces- 
sary ground support in order to ac- 
complish a scientific or technical ob- 
jective in space. 


SUCCEEDING EVENT—See ACTIVITY. 


SYSTEM—One of the principal func- 
tioning entities comprising the project 
hardware within a project or flight mis- 
sion. The terminology may vary to suit 
a particular project. Ordinarily, a ‘“‘sys- 
tem’”’ is the first major subdivision of 
project work. (Similarly, a ‘‘subsystem”’ 
is a functional entity with a system.) 
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Just a few words, but they tell our story. The Military 
Aircraft Systems Division at Wichita is vigorously ex- 
panding efforts in research and new product develop- 
ment. Right now our engineers are advancing the state 
of the art in Variable Sweep Wing technology; engaged 
in design of land and carrier-based V/STOL vehicles; 
conducting studies and tests in operation of high-per- 
formance aircraft at Low Level; and working extensive- 
ly in the areas of Fire Control, Bombing, Navigation, 
Guidance, Reconnaissance and Surveillance systems. 
These are only a few of the challenging assignments 
that await the Experienced research engineer at 
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MASD. @ We have the assignments; we have one of 
the most modern, up-to-date lab and test facilities in 
the industry; and we have a professional environment 
that will appeal to the most experienced engineer. To 
qualify, you should have an engineering degree—pref- 
erably an advanced degree—and research and develop- 
ment experience in aircraft, missiles or related areas. 
For specific information regarding assignments, facil- 
ities and living conditions in Wichita, write in strict 
confidence to Mr. Melvin Vobach, Dept. OBD, The 
Boeing Company, Military Aircraft Systems Division, 
Wichita Branch, Wichita 1, Kansas. 


WILTITA 


Opportunity Employer 
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Army invites top-management officials from Bendix, GE, Martin and RCA to 
discuss implementation of value analysis programs. Presentations describe 


techniques found successful in: 
Training specialists. 


programs. 


Integrating value analysis into procurement. 


ARMY ACCENTS 
VALUE ANALYSIS 


by S. Peter Kaprielyan, Technical Editor 


B® Waging war against the soaring 
cost of defense is becoming a grim 
preoccupation both for the Military 
and the industry; in the light of the 
prolonged Cold War it must become 
a way of life. 

These were the overtones of 
Army’s Value Analysis Seminar 
held recently in the Pentagon. The 
seminar was sponsored by the 
Deputy Chief of Staff for Logistics, 
Lt. Gen. Robert W. Colglazier and 
Chief of R & D, Lt. Gen. Arthur 
G. Trudeau. Participants included 
Assistant Secretaries of the Army, 
Dr. Finn J. Larsen (R & D) and 
Paul R. Ignatius (Installations and 
Logistics), as well as top-manage- 
ment representatives from the indus- 
try. 

Presentations made by industry 
representatives covered the follow- 
ing key facets of value analysis ef- 
forts currently in effect. 


What and Why of 
Value Analysis 
Cost reduction efforts in the de- 
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fense industry today are being seri- 
ously hampered by the lack of a 
true definition of Value Analysis. 
We all have our own opinions of 
what it is. Because of this, very few 
companies have a full value analysis 
program. We don’t want to be left 
out, so we hang this name on what- 
ever we can find in our organization 
that has a cost reduction assignment 
and leave it there. 

This often creates trouble in a 
company by spotlighting a particu- 
lar group as the only place where 
savings can be made. 

Objective goals must be estab- 


VALUE ANALYSIS DEFINITION 
(Army Regulations No. 700-47) 


Value analysis is the broad term 
used to identify all actions which 
identify and eliminate unnecessary 
cost in the design, development, and 
procurement of Army materiel 
without sacrificing essential quality 
or performance. It is a functionally 
oriented, planned effort by trained 
personnel using specific techniques. 
It encompasses activities variously 
referred to as “value improvement” 
and value engineering. 


Conducting seminars. 
Promoting value-analysis communications. 


Organizing value 


lished for all divisions and depart- 
ments in the plant, with efforts and 
results coordinated by one respon- 
sible group. These goals must be 
obtainable and understood by all 
concerned. When we say reduce 
your cost by 25 per cent, we must 
be sure we clearly state 25 per cent 
of what. 

Value Analysis is the analysis of 
value. Total value is the total cost 
of doing business—not just the cost 
of hardware. It is the search for 
true value in everything we do, from 
the sweeper to the president, from 
the space we occupy to the paper we 
use. If we identify value analysis 
with anything less than this, we will 
not get full value. The missing 25 
per cent, the fourth missile for the 
price of three, lies here. Manage- 
ment with all its tricks, brains and 
power has never been able to get 
that last 25 per cent because they 
cannot do it alone. This is no 
criticism of management—it is a 
simple fact that no management can 
create an atmosphere where every 
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person in the organization truly has 
an incentive to do his very best. 

The only way the average per- 
son will do anything voluntarily— 
all the time—is for his own self- 
preservation. This then is our defi- 
nition of value analysis at Martin- 
Orlando: the analysis of value—the 
search for true value in the total 
cost of doing business. We are 
dedicated to the proposition that 
everything we do costs money and 
that it can be done for less—this 
makes it everybody’s business. 

This brings us to the “why” of 
value analysis. Why should our 
people want to reduce the cost? 
What is the motivation? 

The simple answer is—to better 
the nation’s chances for survival. 


Communicating Value 
Analysis 

To encourage cost - conscious- 
ness in employees, you need com- 
munication; persuasive, sincere com- 
munication that accomplishes four 
basic objectives. It must: 

®@ Gain attention 

@ Create interest 

@ Stimulate desire 

@ Result in action 

Communication program, at 
Martin-Orlando, is made up of three 
distinct approaches. 

Top-Priority Approach — This 
action started as a letter from top 
management and imparted a real 
sense of urgency to the program. 

Our letter, mailed to each em- 
ployee’s home, spelled out purpose, 
goals, and techniques of value anal- 
ysis (VA). 

Enthusiastic top management 


Value analysis seminar’ panel included (from left): Lt. Col. Dichtenmueller, Office 
Chief of Ordnance; G. J. Parker, The Martin Co.; I. K. Kessler, RCA; Brig. Gen. Ryan 
(moderator), Office Chief of R & D; M. F. McCammon, The Bendix Corp.; L. D. Miles, 
GE; and Lt. Col. Hughes, Chief Item Engineering Branch, Standards Div., ODCSLOG. 


Seminar Participants From Industry 


Dr. A. Hall........ Vice President Engineering 
The Martin Co. 

C. J. Parker....... Director Administration Div. 
Martin-Orlando 

R. L. Bidwell. ..... Mgr. Value Analysis Admin. 
Martin-Oriando 

1. K. Kessler....... Vice President & Gen. Mgr. 
ee Comm. & Controls Div. 

J. R. McAllister... . Purchasing Agent 
—— Comm. & Controls Div. 
RCA pes 


H. J. Morley....... Purchasing Agent 
— & Surface Radar Div. 


R. H. Isacs........ Vice President Military Relations 
The Bendix Corp. 

M. F. McCammon..General Manager Eclipse-Pionecr 
Div., The Bendix Corp. 


G. F. Metcalf. ..... Regional Vice President, GE 
L. D. Miles........ Manager Value Services, GE 
J. W. Bryant...... “os yy & Value Devel. 


support continued; VA quickly be- 
came the talk of the plant at staff 
meetings, planning sessions and con- 
ferences. Articles were placed in 
the Martin-Orlando Management 
Club Newsletter. The club—an in- 
fluential group, must be solidly be- 
hind a program if it is to succeed. 

Another important management 
medium is our monthly Supervisory 
Followup Discussion bulletin. This 
goes to supervisors as a guide for 
discussions with his people. 

Facts-of-Life Appeal—This sec- 
tion of the campaign is based on 
tough, hard facts. 

Man-to-man talk is the ideal 
communication. That’s why we 
program seminars for a free flow of 
information. Just a few weeks ago 
we conducted a five day value anal- 
ysis seminar for middle manage- 
ment. Vendors, subcontractors and 
representatives of the military serv- 
ices also attended. The object was 
twofold: (1) We wanted all our peo- 
ple in attendance to practice the 
technique of value engineering. (2) 
We wanted recommendations for 
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reducing costs on specific items of 
hardware from three of our major 
projects. 

Results were excellent. Total 
savings of $6 million were recom- 
mended. We have conducted very 
successful seminars with our vendors 
and subs on both the Pershing and 
Bullpup projects. Overall cost 
goals of 30 per cent were estab- 
lished prior to the meeting. In the 
case of Bullpup, the goal was ex-. 
ceeded since we have reduced over- 
all costs by 31% per cent in the 
last nine months. We are now shoot- 
ing for 40 per cent. 

We have also made impressive 
progress on Pershing even though 
it has been in R&D. We have re- 
duced the cost of purchased items 
by 22 per cent. This type of meet- 
ing of minds between buyer and 
seller is our primary form of “facts 
of life” communication and it is still 
unequaled in results. Vendor par- 
ticipation is an important phase of 
our value analysis program. 

Even stairways can be used for 
value orientation. On the risers be- 
tween the stairs, in our plant, we 
placed red and white signs imprinted 
with the basic questions of value 
analysis: 

@ What is the item? 

@ What is the function? 

@ What does it cost? 

@ What else would do? 

@ What does that cost? 

Straight, blunt questions, placed 
in an area where they can’t help but 
be noticed. 

On pay envelopes, periodically, 
we print a straight fact message on 
the economic need for value analyz- 
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continued 


over to the buyer for action. Under 
no circumstances do we permit the 


ing our work. This message is re- 
ceived at the precise time when the 
reader has his mind on money . . . 
his own. 

Friendly Persuasion — This is 
phase three of our communications 
campaign. Because people dislike 
being constantly bombarded with 
grim imperatives, we complemented 
our “facts of life” approach with 
pleasant, friendly reminders that 
value analysis is a continuous job. 
The media we use in this part of 
the campaign include posters and 
brief messages in the plant, on the 
company bus, on coat racks, on 
time cards, on typewriters, etc. 

Lastly, “do-it-yourself” displays 
are used to familiarize engineers 
with various machine-finishes and 
their comparative costs. Here’s 
where engineers actually pick up the 
examples of different machine-fin- 
ishes to really “feel” the cost in- 
volved. More than any other com- 
munication, this display dramatizes 
the need for more functional design 
with cost in mind. 


Value Analysis 

It is RCA’s policy to have value 
analysts report to the purchasing de- 
partment. Here’s why: 

® To give the value analysts 
the proper prestige in the de- 
partment. 

@ To better insure that other 
sections of the purchasing de- 
partment work and cooper- 
ate with the value analysis 
group. 

@ To place the value analyst 
in the most advantageous 
position to work with other 
departments within the di- 
vision. 

Value analyst’s responsibility is 
to analyze production parts and 
materials to effect maximum cost re- 
duction through revisions on parts 
designed, use of alternate materials, 
changes in manufacturing methods 
or modification of sourcing prac- 
tices. 


The value analyst must qualify 
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basically by an engineering educa- 
tion, shop experience, and a knack 
for getting along with people. His 
greatest assets, however, are a flexi- 
ble imagination, initiative, and the 
ability to sell an idea. 

Here’s how the value analyst re- 
ceives his assignments. 

Buyer referrals — When the 
buyer feels that the cost of a part 
is excessive, he turns the problem 
over to the value analyst. The Buyer 
does not usually have the extra time 
to spend in searching out substitu- 
tions or find better ways by work- 
ing closely with the design group. 

New Design Releases—Review 
of new design releases from the ob- 
jective view-point of the analyst has 
its salutary effects. This area, how- 
ever, is probably the least produc- 
tive due to limited time allowed 
from design release to production. 


Production Review—Review of 
equipment in production, in antici- 
pation of repeat business, is an- 
other phase of the analyst’s job. 
Here we require close coordination 
with the marketing department to 
anticipate repeat business from the 
information received from ihe mili- 
tary. This is where the value ana- 
lyst has the advantage of knowing 
the equipment and having sufficient 
time to make a complete review and 
study with cost-reduction in mind. 
This area is certainly the most 
fruitful. 

Each division of Defense Elec- 
tronic Products operates a little dif- 
ferently due to the various equip- 
ments they build. Aerospace Com- 
munications and Controls Div. has 
recently changed their value anal- 
ysis operating policy and permits 
the value analyst to contact and 
communicate directly with the ven- 
dor rather than deal thru the buyer. 
This will obtain greater savings. It 
gives the value analyst the authority 
to try new ideas with old and new 
sources and without the delay 
created by going thru a third party. 
After completion of his study, the 
value analyst turns the information 


value analyst to commit the com- 
pany. This is solely the buyer’s re- 
sponsibility. 

Source Selection — Here the 
value analyst plays a part in the 
team effort. He assists the buyer by 
reviewing the specs with potential 
sources, revamps tolerances and 
specs that inflate the price. 

Request for bids from sources 
having the right facilities is an im- 
portant part of correct buying. The 
value analyst must be acquainted 
with the most modern production 
methods to assist the buyer in choos- 
ing sources. 

We have had instances where 
the buyer has been “locked in” to 
a sole-source condition and was un- 
able to generate competition. In 
some cases we have referred this 
problem also to value analysts. 
They have been able to obtain sub- 
stitutions, working out the details 
with the design group involved, and 
enabled the buyer to establish com- 
petition. 

The value analyst can also play 
an important part in the early stages 
of the development program that is 
being subcontracted to outside 
sources. In many instances, smal- 
ler or middle-size companies al- 
though well talented in engineering, 
do not have qualified value ana- 
lysts or production personnel. 
Where possible we attempt to have 
our value analysts sit in the design 
review meeting at the subcontrac- 
tor’s plant to suggest changes for 
lowering costs. 

Another phase where the value 
analyst can assist the buyer is in 
negotiating subcontracts. By ex- 
amining the vendor’s method of 
processing, when a repeat contract 
is being negotiated, the analyst may 
suggest improved methods of proc- 
essing and furnish the buyer with 
another negotiating point. 


Organizing For Value 


From a viewpoint of end-prod- 
uct cost, new products are almost 
totally old. It is a rare development 
in which the area of total newness 
comprises more than 10 per cent 
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of the end product manufacturing 
cost. Let’s set aside the 10 per cent 
product-cost which will go into new 
technology and face the task of re- 
moving large dollars from the 90 
per cent. 

Experience has proven that 
shorter development time in pro- 
ducing reliable developments—eco- 
nomical to manufacture—is limited 
far more by lack of the new idea 
than lack of a new material or 
process. 

R&D organizations might then 
be arranged for searching, locating 
and providing the necessary new 
ideas which will reduce costs where 
they are greatest but utilizing 
known technology and hardware. 

GE has had some astounding 
results in test cases where one value 
engineer was assigned to each de- 
sign engineer. Simpler, more relia- 
ble, lower cost solutions to tech- 
nical problems did forward in a 
minimum of time. Both engineers 
stated that they had never worked 
in such a productive atmosphere. 

Value Engineer’s Function— 
Hard-pressed management of R & 
D work will immediately ask, 
“What does this value engineer do?” 
He utilizes his technology to provide 
to design engineer alternatives of 
large economic value; he lengthens 
the design engineer’s reach and 
shortens development time. 

But it is asked, “If I want R & 
D work to go faster, why wouldn’t 
I just hire another engineer? Why 
would I hire a value engineer? 

Why would you hire a metal- 
lurgist or vibration specialist to 
work with the engineer instead of 
just hiring another engineer? Be- 
cause you have learned that his 
knowledge and his approach get the 
engineer to the better answers 
sooner. 

The value engineer is not a spe- 
cialist in this sensitive area, but an 
“extreme generalist.” He does not 
know steels in depth, electronic 
circuits in depth, vacuum castings 
in depth or any other specific tra- 
ditional technology. What he knows 
and uses in depth is a system for 
identifying function, for evaluating 
functions in dollars, and for start- 
ing chain of activity which will pro- 
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Fig. 2. Value Analysis Seminar and Workshop Organization 


duce, from vast and diverse re- 
sources, the economic solutions of 
the problem, often “ready to use.” 

Is he a crutch? Is an advanced 
mathematician a crutch—is a spe- 
cialist in servo-mechanisms a crutch 
—or the efficient way to accomplish 
the objective? Seldom is a large 
task appropriately accelerated by 
increasing numbers of workmen 
using the same tools. 

How Many Are Enough?—You 
might well ask, at this point, “Do 
you mean that if I am using 500 
engineers in R & D work and I 
want to increase their productivity 
as you have outlined, I must hire 
500 value engineers? 

Certainly not. 

Select fifty. Make certain that 
they represent your average pattern 
of abilities, some being among your 
most productive men. Have them 
trained in the technology of value 
engineering. Assign them to engi- 
neers who are responsible for im- 
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portant areas of functional perform- 
ance. Learn how to integrate their 
benefits into the organization. Then, 
on a basis of known performance, 
“grow” the changes in organization 
to provide an effective technical 
and economic development group. 
Later, train more value engi- 
neers as needed. Meanwhile, pro- 
vide suitable information to the re- 
mainder of the organization so that 
they will understand the value en- 
gineer, his mission, how he goes 
about his work and how together 
they can secure better results faster. 
Again, the manager’s work will 
be different when he has a suitable 
number of value engineers. His 
work must include: 

@ Planning the economic or 
cost results expected of each 
value engineering man or 
group. 

@ Providing to them the tools 
their technology requires. 

@ Pacing them. 
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@ Directing changes as new in- 
fluences arise. 

@ Progressively measuring 
their work, progress and re- 
sults. 

@ Reporting periodically to top 

management on progress. 

Realities of design and develop- 

ment have taught us that lower 


cost—or increased quantities—is 


often lost at the first of a group of 


four or five design and manufac- 


turing decisions which must be 
made in series. Given a function 
to perform, except in the newest 
of technologies, usually there are 
several design approaches. The de- 
sign approach taken at this point 
may determine whether the product 
can be had for $500 or will require 
$5000. 


The Seminar Approach 


The seminar approach is the 
keystone of value analysis effort at 
Eclipse-Pioneer. 

Value analysis program is im- 
plemented through a steering com- 
mittee comprised of the managers 
of various divisional functions. The 
steering committee organizes the 
seminar, selects participants and a 
seminar support group. This group 
receives seminar reports, directs the 
implementation of the cost-reduc- 
tion suggestions, and makes value 
analysis policy decisions. Steering 
committee is responsible to the 
general manager of the division. 

A two-week seminar is con- 
ducted for each group of 35 se- 
lected management personnel. These 
attend one-hr daily indoctrination 
sessions, each followed by a 142-hr 
workshop session on several prod- 
ucts. The seminars, we feel, provide 
both the facility for the rapid train- 
ing of successive cross-sections of 
our management personnel, while 
at the same time successive cross- 
sections of our product line are sub- 
jected to the value analysis scru- 
tiny. 

Value Analysis Organization— 
As reflected, by the organization 
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chart (Fig. 1), the steering commit- 
tee reports directly to top manage- 
ment. The steering committee pro- 
vides continuous stimulation of the 
program by top management and 
assures the necessary implementa- 
tion and feed-back—internally for 
assurance of the efficiency needed to 
continually lower product costs, and 
externally to assure our customers 
that their welfare has been perma- 
nently crystallized as a function of 
Bendix’ policy. 

Steering committee convenes on 
a regular basis to promote the flexi- 
bility of decision necessary to chang- 
ing conditions. A formal report is 
made of each meeting held and in- 
dicates future programs planned for 
training and for special projects. The 
status of previous seminar recom- 
mendations is reported to the com- 
mittee by the cost-control manager 
and included in the meeting min- 
utes. The committee decides on 
policy and implementation of in- 
ternal publicity for the value anal- 
ysis program and selects the cross 
section of personnel for training. 

Value analysis training seminars 
are conducted under the guidance 
of a value analysis coordinator who 
establishes seminar schedules. The 
coordinator’s staff prepares the 
training curriculum, schedules 
speakers, and compiles blueprints, 
manufacturing costs and product 
models for reference by seminar at- 
tendees. 

All seminar reports are directed 
to the cost-control manager. Our 
value analysis efforts comprise two 
distinct areas of operation. The 
value analysis group operating 
within our purchasing organization 
serves as liaison between our ven- 
dors and our engineering and manu- 
facturing organizations. For the ap- 
plication of value analysis techniques 
at the design stage, task forces for 
new designs are created under the 
engineering function of the steering 
committee. 

Seminar Organization — The 
seminar is conducted under the 


guidance of the value analysis co- 


ordinator (Fig. 2). The regular value . 


analysis staff members who conduct 
the seminars are not full-time train- 
ing personnel, but represent a cross 
section of personnel with prior train- 
ing in value analysis. Support group 
consists of recognized company ex- 
perts whom the seminar teams may 
call upon as consultants. This sup- 
port group is variable in its make-up 
and the talents selected are de- 
termined by the products which are 
the subject of the seminar. We 
deliberately assign some personnel 
to each group who do not have 
experience on the particular product. 

The roster of each team is se- 
lected by the steering committee 
and notified in a personal letter 
from the general manager. In the 
selection of engineering personnel, 
the design parameters of the prod- 
uct under consideration become a 
determining factor. 

Prior to the start of the seminar, 
the industrial engineering organiza- 
tion is charged with providing all 
necessary blueprints, cost data, engi- 
neering specifications, field service 
reports, operational analysis sheets, 
time studies, etc., for each team, 
as well as a sample of each com- 
ponent part and also a model of 
the completed unit. In brief, by the 
nature of the team make-up and 
the materials provided to them, we 
create an autonomous and self- 
sufficient group who at the most 
will require only the advice of 
consulting specialists before making 
firm recommendation. 

Job Plan Schedule—The sem- 
inar Agenda is designed to conform 
to the six steps of the value analysis 
job plan (Fig. 3) furnished to each 
member. The coordinator’s staff, 
who serve as team advisors, con- 
strain the teams to devote their 
efforts solely to the particular phase 
of the job plan which has been des- 
ignated for that day. 

To fortify the teams in their 
efforts we have outside suppliers in 
attendance during the workshop ses- 
sions. These are called in whenever 
a team desires more information 
about a new component of which 
they may have only a cursory knowl- 
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edge, or if they desire more infor- 
mation about any supplied item. 

On the closing day of the sem- 
inar, each team-captain is allowed 
ten minutes to present the highlights 
of his team’s accomplishments. 

Following the presentation, the 
managers of various functions offer 
brief remarks on the team’s efforts 
and the merits of the value analysis 
proposals. 

Seminar Follow-Up—Success of 
the value analysis program depends 
to a large extent on the implementa- 
tion of the seminar recommendations 
and on the follow-up and reporting 
procedure. At Bendix the imple- 
mentation of ideas is pursued by 
the steering committee through the 
agency of the cost control manager. 
All seminar reports are forwarded 
to the cost-control manager who 
works closely with the director of 
engineering, to establish a working 
committee for each specific seminar 
or product. The function of this 
working committee is to immed- 
iately review seminar reports and 
determine the implementation pro- 
gram. The working committee is 
basically comprised of engineering 
personnel selected by the director 
of engineering and, as required, 
purchasing and manufacturing per- 
sonnel are solicited from respective 
managers. The working committee 
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convenes immediately upon receipt 
of the seminar reports and is re- 
sponsible to the cost control man- 
ager. 

The working committee meets 
daily for at least one hour for ten 
successive days with the objective 
of completing the investigation 
needed to incorporate the seminar 
ideas into the product. The work- 
ing committee prepares a final re- 
port, of this investigation and ac- 
tion taken. This is forwarded to 
general manager, subject to prior 
review by the steering committee. 
Cost-control manager advises the 
value analysis coordinator of the 
contents of the working committee’s 
report so that he may inform the 
seminar team members of the status 
of their suggestions. If the proposals 
are such that they require reliability 
or environmental testing, or cus- 
tomer approval, a status report is 
submitted periodically to the cost- 
control manager. 

One of the means we use to 
up-date our value analysis seminars 
is through survey questionnaires. 
These solicit the feelings of the 
attendees regarding various aspects 
of the program as well as the pro- 
gram as a whole. This running com- 
mentary is constantly fed back into 
the program, and can account for 
the improvement of the training 
methods which have resulted. 
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Fig. 3. Value Analysis Job Plan Schedule 
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This seminar approach has been 
so favorably received within the 
corporation that all of our divisions 
are undertaking, or revising value 
analysis programs currently in effect, 
to the seminar approach. 

Distinct benefits are reaped from 
value analysis seminar efforts. These 
benefits can be traced at least to five 
areas. 

Training—An awareness is de- 
veloped in each trainee, of the need 
for critical thinking even about the 
most tried and true aspects of his 
work environment. He is trained to 
use an organized approach to what- 
ever problem he many encounter. 
He is instilled with a receptivity 
to new ideas, and the importance 
of openmindedness. Having once 
been impelled to be creative he 
shall never again be quite the same 
person. 

Communication—V alue analy- 
sis opens wide the gates to better 
internal communications of any or- 
ganization. Team members from 
widely separated functions become 
acquainted. The effort brings to- 
gether the top, intermediate and 
lower levels of management. Thus, 
top management is given the oppor- 
tunity, through mingling with the 
teams, to make a personal appraisal 
of individual skills and specialists 
of whom they may not have been 
aware. ... continued on next page 
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ARMY ACCENTS VALUE 


continued 


Identification—V alue analysis, 
through the talks by the general 
manager on the necessity to improve 
products, and by the cost control 
manager on our competitive posi- 
tion and its related problems, pro- 
vides the team member a chance 
to be identified with the top-level 
people. In addition, the seminar is 
looked upon as a temporary assign- 
ment to general manager’s staff. We 
feel this intimate sort of identifica- 
tion will follow the man back to 
his j6b. 

Value Assurance—Value analy- 
sis training provides assurance that 
design engineers will, in the future, 
question more thoroughly each as- 
pect of both the customers’ specifi- 
cations and their own designs. Also, 
the design engineer now recognizes 
that his design will be the subject, 
sooner or later, of a value analysis 
seminar and he will be anxious 
in a competitive sense, that as few 
changes as possible will be forth- 
coming. 

Customer Relations—An active 
value analysis program assures the 
customer that everything possible 
is being done to reduce the price 
and/or increase the reliability of 
the products he buys. 

Most administrators emphasize 
the human-relations aspects of their 
responsibilities, yet they decry the 
fact that they are able to do little 
in this particular area. Our feeling 
is that value analysis provides the 
forum, in the seminar approach, for 
interaction of all levels of manage- 
ment. 


Training Value Specialists 


The value specialist’s job, at 
GE-HMED,, is to help other people 
make good use of value analysis 
techniques. He must have at least 
five years experience in engineering, 
or equivalent experience in manu- 
facturing. He must be personable, 
well spoken, mature, and be able to 
disseminate ideas. 

Training for the Job—Specific 
training in Value Analysis is ob- 
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viously required. The basic phase 
would be to attend value seminars, 
then practice and apply the tech- 
niques learned there. The value an- 
alyst must acquaint himself with 
the operations of specialty vendors, 
new materials, prices, and his own 
organization’s services. 

The second phase of his train- 
ing would involve actual product 
evaluation work, particularly par- 
ticipation in value studies, assisting 
in training programs as a project 
leader. In the advance phases of 
his training he must participate as 
the leader of a value training pro- 
gram, coordinate the activities of 
a value study, participate in prod- 
uct-design review during all phases 
of the product cycle and to develop 
new methods for the products. The 
development of a professional value 
analyst is a never ending job. How- 
ever, depending upon the initial 
qualification of an individual, good 
value analysts can be developed in 
a minimum of two years. 

Value Specialist’s Role—The 
job of the professional value engi- 
neer is to identify but not to remove 
the unnecessary costs himself. Why 
do unnecessary costs creep into our 
products in the first place? There 
are three main reasons: 

(1) Lack of time—The engi- 
neer doing the job has just so much 
time and often it is not enough. We 
do our best with the time we have, 
then go on to the next job. 

(2) Lack of information—It is 
impossible for everyone to keep 
abreast of all new developments 
that could affect costs. 

(3) Improper habits and atti- 
tudes—Habits can only take us 
where we were yesterday and they 
are extremely costly in our business. 

Pitfalls To Avoid — Here are 
some common pitfalls that must be 
avoided in training value specialists: 

Failure to Give Credit—lIf the 
engineer or draftsman or whoever 
is the source of a cost-reduction 
idea is not given recognition, his 
co-operation is bound to vanish. 
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The value specialist makes the pro- 
posal; the originators make the final 
decision, hence they should receive 
the credit when these proposals are 
successful. This recognition must 
be in a form that reaches the re- 
cipients immediate superior. 

One-Shot Training — A single 
seminar can not achieve everlasting 
value enthusiasm, any more than 
one polio shot can achieve everlast- 
ing resistance to the disease. En- 
thusiastic value climate is main- 
tained only through constant booster 
shots in the form of repeat training. 

Half - Hearted Training — Pro- 
gressive management realizes the 
vital importance of proper attitudes 
in the minds of all personnel on a 
continual basis. To consider such 
an important function as part time 
will result in mediocre operations 
and eventually a mediocre attitude. 
One acceptable alternate is to pe- 
riodically hire professional trainers 
for a seminar, at strategic times in 
product development and produc- 
tion. There are excellent sources for 
trainers available today. However, 
the most effective method is to or- 
ganize your own full-time, in-house 
value organization. 

Inadequate Tutoring—A poor 
trainer can generate negative atti- 
tudes that will make the creation 
of good value climate twice as hard. 
So if you are using your own 
trainer and own project leaders, 
select them carefully because that 
could easily kill all your efforts. 

One might ask, at this point, 
whether there are enough men qual- 
ified for all phases of value analyst’s 
job. The honest answer is that usu- 
ally all the requisite capabilities are 
not found in one man. The job 
scope requires that he be both crea- 
tive and analytic, as well as promo- 
tional and educational by nature. 
This requires, therefore, a search 
for both types of individuals. 
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A SINGLE REPRINT 
of this article is available as long 
as the supply lasts. Write on com- 
pany letterhead to: The Editor, 
AEROSPACE MANAGEMENT, 56th 
& Chestnut Sts., Phila. 39, Pa. 
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ROBOTROL 


“PUNCH CARD” SYSTEM 
WORKS LIKE THIS 


With this system a standard punch card is 
the job ticket. The metallurgical department 
punches it to set up treatment factors for desired 
result. When the work arrives at the furnace the 
operator merely puts the card in the Robotrol 
panel. He can’t treat the work without putting 
the card in. He can’t put it in wrong. He doesn’t 
have to read or set instruments, adjust dew 
points, time carburizing and diffusing periods, 
decide on type and timing of quench. The punch 
card controls these automatically. It can 
provide for a variety of operations and 
required cautionary procedures. As the 
work moves on and is completed 
the punch card provides a per- 
manent record of the exact 
treatment given it. 
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Provides exact record of metal- 
lurgical treatment on every job 


System completely eliminates 
factor of furnace operator error 


LINOBERG 
ROBOTROL 


TEES A! CRETE EIR 8 


Sov ser RAAT 7 RACE a I a 
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Guarantees you precise uniform- 
ity and quality in heat treating 


Introduced at the recent ASM Show at Detroit, 
this new Lindberg Robotrol automatic quality 
control system has been in development for more 
than five years. With this punch card system 
pyrometers, timers, atmosphere control instru- 
ments and all the factors on which metallurgical 
results are dependent are set up and automatically 
controlled. It is practically impossible for the 
furnace operator to treat the work improperly. 
The punch card also provides an exact record 
of the treatment given each job. You know exactly 
what happened. 
The Robotrol system is extremely flexible and 
can be adapted to any kind of heat treating cycle. 
For full information get in touch with your local 


Lindberg Field Representative (see your classified 
phone book) or write us direct. 


LINDBERG ENGINEERING COMPANY 
2473 West Hubbard Street, Chicago 12, Illinois 


Los Angeles plant: 11937 S. Regentview Avenue, Downey, California. 
In Canada: Birlefco-Lindberg Ltd., 15 Pelham Ave., Toronte 9, Ont 


Also, Lindberg plants in Argentina, Australia, England, France, Italy, 
Japan, Spain, Switzerland and West Germany. 
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Engineering departments work daily to create and refine designs. 


But, each little ‘‘refinement’”’ can throw a project into turmoil 


if it is not handled properly. Every company is eventually faced 


with the problem of design-change-control. Here is what management at 


GE-MSVD is doing to guide and control the changes Engineering 


would like to make to its designs. 


KEEPING DESIGN CHANGES 
UNDER CONTROL 


® Good design-change control is 
getting more and more significant. 
Developers of aerospace systems 
and subsystems sooner or later find 
themselves struggling with this 
problem. To keep each design- 
change action straight, and to make 
certain that the right hand knows 
what the left hand is doing, good 
control is a must. 

The problem is complicated by 
tight schedules and the development 
engineer’s dislike for being held to 
a formalized system. 

But even in development work, 
a number of things have made it 
necessary to change from an in- 
formal control system to a change 
system like that expected of a pro- 
duction program. These forces in- 
clude: 

@ Elimination of a mock-up, or 

a schedule where the mock-up 

is the first unit shipped. 

@ Compressed time schedules. 

@ Variations in development 

model designs and this flexibility 

necessary to make customer re- 
quested changes. 

@ Large numbers of develop- 

ment units. 

© Complexity of the hardware 
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by S. Popovich, Manager 
Design-Change Control, GE-MSVD 


and an evolution of the special- 
ized area such as: 

. Structures 

. Guidance 

. Instrumentation 

. Communications 

Life Support Systems 

. Ground Equipment 


a - e 


g. Nuclear Ordnance 

h. Antenna 

i. etc. 
@ Complexity of the system 
where ground support and 
ground operating equipment are 
an integral part of the overall 
system design. 
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Design Change Control Boards have been appointed for each 
of GE-MSVD’s major projects. Each board meets daily. Then 
a highly organized communications system gets the approved 


RIGHT: Fig. 1. To best serve GE 
in aerospace, the design change con- 
trol function is assigned to the Proj- 
ects Office. At MSVD, project man- 
agers have overall responsibility for a 
program. 


4 Facsimile transmitter used to speed 
change data to and from GE’s nation- 
wide network of plants. Author Popo- 
vich gets last minute look at Re-entry 
Vehicle data being sent to Burlington, 
Vt., from Change Headquarters in Phila. 


@ Field use of development 
equipment and the need for 
logistic support and instructions 
for this type of hardware. 

@ Many retrofits of develop- 

ment hardware in the field. 

Problems At MSVD— As it 
emerged from the paper-study stage 
to the hardware stage of its first 
re-entry vehicle, General Electric- 
MSVD found itself struggling with 
the problem of Design Change Con- 
trol. 

In the main, the problem 
seemed to be a lack of proper over- 
all integration and organization. Of- 
ten changes were made in one area 
without other affected operations 
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being aware of the change. Clearly 
defined standards were not avail- 
able to the engineer to assist him in 
preparing a change. No plan existed 
for setting the introduction for a 
change and for making a disposi- 
tion of existing materials. 

To overcome these ills a Design 
Change Control office was estab- 
lished. Its purpose was to provide 
Design Change Control guidance 
for the entire MSVD. To best serve 
all operations the function was at- 
tached to the Projects Operation 
(Fig. 1). 

This organizational structure 
achieved a department approach to 
the problem. At GE-MSVD, the 
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changes to every affected department within hours. Here, 
S. Popovich of the Design Change Control Office talks with 
Chairmen from Skybolt, Nike-Zeus, Advent, Nimbus, and OAO. 


DESIGN CHANGE 


CONTROL : 


Project Manager has overall pro- 
gram responsibility. The Design 
Change Control Office is attached 
to the projects operation to repre- 
sent the Project Manager in change 
activities. To review any proposed 
design change, a Design Change 
Board has been formed. It consists 
of a cross section of qualified repre- 
sentatives from all major Engineer- 
ing, Quality Control, Test, Project 
and Manufacturing areas. The 
Chairman for the Board is assigned 
to the Design Change Control Of- 
fice. 

An Expanding System—Expan- 
sion has occurred. And the Change 
Office now carries on many pro- 
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DESIGN CHANGE CONTROL... 


continued 


TELautograph network has been found economical and effective in getting design 
change data from the Data Center to “need to know” activities. Ed Jowett, Ad- 
ministrator Design Change Control and author transmit late action on a Douglas 
project to the Data Center. 


grams simultaneously. A_ separate 
Design Change Board for each is 
formed under the direction of a 
Chairman assigned to the Design 
Change Control Office. Once draw- 
ings and specifications for a pro- 
gram are released, any change to be 
made is reviewed by the Board: 
This assures: 


@ Integration of the change 
among all affected operations. 

@ Concurrence with the recom- 
mended introduction point of 
the change and disposal of any 
existing materials. 

©@ Completeness, clarity and un- 
derstanding of the change. 

@ Conformity to the objectives 
of the program. 


GE-MSVD believes that this ap- 
proach to Design Change Control 
has solved most of its problems. To 
support this concept the Design 
Change Control Office has been 
made a focal point for change ac- 
tivity. It provides the necessary ad- 
ministrative back-up, guidance, or- 
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ganization, and consistency for the 
whole Change Control effort. The 
Chairman of the Board for each 
program must thoroughly familiarize 
himself with his program. He must 
organize his Design Change Board 
and conduct its activity within 
guidelines, rules and procedures of 
the Design Change Control func- 
tion. 

A System At Work—At GE- 
MSVD a change to a drawing or 
specification can be accomplished 
only by means of an Alteration No- 
tice (AN). This form must define 
the change, identify the model and 
introduction point, and dispose of 
any existing material. An AN can 
change only one drawing or specifi- 
cation at a time. 

Design Changes of a routine na- 
ture are submitted to the Design 
Change Control Office daily by 9 
A. M. They must be submitted to 
the Change Control Office through a 
Board Representative from the initi- 
ating operation. It is expected that 
he will have reviewed the change to 
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assure it meets standards and cri- 
teria of the Board. He must have 
sufficient knowledge of the change 
to be able to present it to the De- 
sign Change Board. Changes sub- 
mitted by 9 A. M. each day are re- 
produced on “For Information 
Only” paper and, with an agenda, 
distributed throughout the Depart- 
ment by 11 A. M. daily. Personnel 
in the Department have approxi- 
mately 24 hr in which to review the 
change. 

The Design Change Board meets 
the following day to act on the 
change. It is either accepted, held 
for further investigation, or returned 
to the initiator on the basis that the 
change should not be made. Routine 
changes which are in order and meet 
the four objectives of the change re- 
view are processed in approximately 
30 hr. Fig. 2 describes the flow. 

Time Is Critical—Time is one 
of the major problems in most De- 
sign Change Systems. Success de- 
pends on the ability to handle a 
change quickly, yet provide close 
scrutiny of following: the four basic 
points: 

@ Integration 

@ Introduction and disposition 

of material 

@ Clarity and understanding 

@ Program Direction 

To further reduce the time ele- 
ment, an “Emergency System” has 
been designed. The system puts the 
responsibility for the integration of 
the change with the Design Engi- 
neer. Yet, it assures compliance 
with the four points of integration. 
It requires a minimum approval of 
the Design Engineer, his Design 
Change Board Representative, Man- 
ufacturing, any other affected opera- 
tions and the Chairman of the 
Design Change Board. It is the re- 
sponsibility of the Design Change 
Board Representative and Design 
Change Board Chairman to assure 
the four basic points are met prior 
to approving the change on an 
Emergency Basis. Many changes are 
processed in less than one hour. 

The Design Change Board for 
a particular program meets each day 
at a specified time. The Board Rep- 
resentative of an operation initiating 
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a change can request action by the 
Board on a limited number of 
changes (which havg not previously 
been distributed for review) by 
bringing the changes directly to the 
board meeting. Such change must be 
accompanied by “Information Only 
Copies” for each board representa- 
tive. By submitting a change in this 
manner, the risk is taken that some 
operations will request permission 
to hold the change until they have 
the opportunity for further evalua- 
tion. If, however, no problem is en- 
countered, board approval of the 
change can be obtained immedi- 
ately. This method again reduces 
the length of time required for 
change processing. 


Serializing Changes—Since each 
AN can change only one drawing 
at a time, the AN number is the 
same as the drawing or specification 
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FIG. 2 ACTION FLOW ON “NORMAL” DESIGN CHANGES 
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DESIGN CHANGES 


. continued 


number it changes plus a dash num- 
ber (825C895-1, 825C895-2). 

GE-MSVD has adopted this 
type of system for several reasons. 
First, it ties any change to its draw- 
ing or specification number. Second, 
the number of changes in existence 
against any drawing or specification 
can be quickly determined by noting 
the dash number. Design Changes 
are never issued out of sequence. 
Third, this system allows any engi- 
neering group to release at any time 
as much information as is known 
about the change. This results in 
faster change action by permitting 
action on information known at any 
given point in time. 

The Change Package—Since the 
GE-MSVD system does result in a 
number of change documents (AN’S 
and drawings), a document called 
an “Engineering Package Release” 
(EPR) is used to list all of the docu- 
ments associated with any package 
of changes. 

EPR’s must be prepared by the 
engineering groups initiating the 
change when more than one change 
(AN) and/or drawing is involved. 
It must be submitted with the first 
AN when presented to the Design 
Change Board. As more engineer- 
ing information is made known and 
other engineering groups release 
their portion of the change, addi- 
tions are made to the EPR until all 
documents involved in the change 
are listed. Until all documents are 
listed, the EPR is marked “Partial.” 
When all the change documents are 
issued the EPR is closed and marked 
“Final Issue.” The EPR is a very 
useful document to the Manufactur- 
ing and Quality Control Groups to 
permit knowledge of all individual 
documents involved in the overall 
change. 

An important portion of any 
change system is the support’ which 
is provided to the decision making 
group (Board). MSVD uses several 
mechanisms to assist the engineer 
and Design Change Board in mak- 
ing decisions. The first of these is 
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the designation of a Design Change 
Board Administrator who is at- 
tached to Design Change Control 
Office. He has essentially two func- 
tions: 

(1) To make preparations for 
each daily Design Change Board 
Meeting. (Distribute preliminary 
change information for review; pre- 
pare minutes of meeting, agendas; 
prepare a package of drawings, 
specifications and other support in- 
formation necessary to support eval- 
uation of the change; gather infor- 
mation on the status of hardware. 

(2) To maintain a “Center of 
Information” on all changes (When 
submitted; if held or returned by 
whom and why; when approved; 
models affected; introduction points; 
disposition of existing materials; 
changes associated in a given pack- 
age; etc.). 

The Administrator follows up 
to assure action is taken on a par- 
ticular change to make certain all 
requirements are satisfied prior to 
issue. 

Information Dissemination— 
The second major area of support 
for the change control activity, is 
what is known as the “Manufactur- 
ing Information System.” This sys- 
tem consists of a center in which 
vital information concerning any 
program is stored. Data are avail- 
able to department personnel who 
have a need for this information in 
helping them with their daily prob- 
lems. Information made available 
from the center is shown in Table I 
and Fig. 3. 

An inexpensive communications 
system has been set up between the 
Data Center and need-to-know op- 
erations. It is a TELautograph elec- 
tronic longhand telescriber. See 
Fig. 4. 

We use picture transmitting 
equipment to permit quick distribu- 
tion for copies of each approved 
change to critical locations such as 
Manufacturing, Planning, Test and 
Quality Control once the change is 
approved by the Board. Information 
on the latest approved change is 
available in critical locations within 
15 min after approval. A formal 
later distribution is also made 


through normal channels. 

Stop Then Go—A “Work Step 
Authorization” has been put into 
the system to authorize work stop- 
page when it becomes obvious 
change will be approved and will re- 
sult in rework or scrapping of hard- 
ware. The work stop authorization, 
initiated from Engineering through 
the Design Change Control Office is 
signed by the Program Manager and 
authorizes work to be stopped so 
that further manufacture of incor- 
rect hardware will be held to a 
minimum. This is transmitted to 
Production Control by Picture Fac- 
simile Transmission. 

Control of Drawings — MSVD 
uses the Group and Parts Drawing 
System. This system conforms to 
MIL-B-70327 and other Military 
Specification. Details concerning 
drawing preparation are well de- 
fined in a drafting manual which is 
maintained by a monitoring group 
attached to the Engineering Opera- 
tion. This group also acts as a con- 
sulting group for drafting personnel 
in drawing procedures and practices. 
The drawing system is used to de- 
fine prime hardware (flight) and its 
Support Equipment. It is for this 
drawing system that the Design 
Change method described is used. 

Two other types of drawing sys- 
tems are used. The first of these is 
a “Sketch Drawing.” It is used by 
the individual engineer to describe 
hardware he wants to obtain for 
experimental or tinkering purposes. 
Requirement and formality are held 
to a minimum. The sketch drawing 
number is controlled and issued 
from the Print Control and Repro- 
duction Group. 

The second set of drawings used 
by MSVD approaches the drawing 
used for the formal system. This 
drawing system is intended for use 
to obtain engineering test hardware. 
Flight hardware is not built to this 
type of drawing. This system is reg- 
ulated to the extent that formal 
drawings are required and if to be 
changed after issue a regulated 
change system is required. 

Since this intermediate drawing 
system is intended for use by Engi- 
neering for the development of en- 
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gineering components or end items 
test vehicles, the Manufacturing and 
Quality Control organizations act as 
an assist to engineering. To insure 
adequate definition of the engineer- 
ing development hardware and to 
insure proper integration of design 
changes, it has been found necessary 
to use a reasonably formal change 
control system. This change control 
is also accomplished by means of 
a Design Change Board. The engi- 
neer must also describe his change 
on an Alteration Notice (AN). How- 
ever, he is free to negotiate with the 
Manufacturing and Quality Control 
groups performing work for him. 
On this basis, and on his authority, 
action will be taken to proceed with 
the change. Immediately the change 
(AN) is sent to the Design Change 
Control Office where it is reviewed 
by the Design Change Board within 
24 hr to assure the four points of 
change control are met. Facilities 
and services of the Design Change 
Control Office are used to assist 
in accomplishing design change in- 
tegration for the intermediate type 
drawing system. 

Since engineering development 
and test hardware built to the inter- 
mediate type drawing system is for 
engineering use, the Change Chair- 
man is assigned from engineering. 
An experienced Chairman from the 
Design Change Control Office par- 
ticipates in the meetings as a con- 
sultant. A Print Control and Repro- 
duction Group is established for 
releasing, reproducing and storing 
drawing and specification masters. 
Each time a drawing is revised a 
microfilm is made of the revision 
and stored in the Print Control and 
Reproduction Operation. A copy of 
each change notice (AN) is also re- 
produced on microfilm and filed. 
We use a Copy Flo Printer to get a 
copy of any previous revision draw- 
ing or specification in a matter of 
minutes. A record of the status and 
location of each drawing or speci- 
fication master is maintained. With 
this technique, the status of any 
drawing master is known at all 
times. Numbers for changes are is- 
sued in succession from this Group. 
This task was initiated to eliminate 
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WHAT GOOD DESIGN-CHANGE CONTROL MUST INCLUDE 


1. An orderly defined drawing and 
specification system which pro- 
vides: 

a. Adequate storage for drawing 
and specification masters. 

b. Adequate distribution of up-to- 
date drawing and specifications 
at convenient locations (Blue 
Print Cribs). 

c. Means for quickly up - dating 
drawings and specifications, and 
distributing copies to replace 
those in use. 

d. A system to assure drawing and 
specification masters are not 
changed and released without 
proper authorization. 

e. A system to assure continual 
knowledge of the location of 
drawing masters once removed 
from the storage area. 

f. An easy access file to previous 
drawing revisions. 

An orderly system for giving initial 

release of design. 

3. An orderly method for accomplish- 
ing changes once the drawing or 
specification is released to: 

a. Integrate the changes among all 
affected operations. 
b. Establish an introduction point 


change number duplication and to 
assure issuance of changes in se- 
quence. 

Any responsibile drafting or en- 
gineering section can remove a 
drawing or specification master 
from the storage crib. However, it 
can not be returned to the crib if it 
has been changed without an ap- 
proved Alteration Notice (AN). The 
approved AN is the license to get 
the changed drawing or specification 
master into the reproduction and 
distribution area for reissue. 
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~ dispose of existing mate- 

rials. 

c. Assure changes as defined are 
correct, clear, complete and 
understood. 

d. Assure proposed change is in 
accordance with overall program 
direction. 

4. Speed in effecting change action. 

5. A procedure for non-engineering 
groups to request changes might 
be to their special “‘convenience.” 

6. A central location for knowledge of 
the status of any change. 

7. A central organization to provide 
department change control guid- 
ance and organization. 

8. A central location where the status 
of existing hardware is known. Spe- 
cifically: 

a. Quantities of hardware in exist- 
ence. 

b. Stage completion of hardware 
and its location. 

c. Where hardware is used. 

9. A procedure for releasing the 
change and a follow-up to assure 
all portions of the change are pro- 
vided. 

10. A personnel education plan in 
“change control” procedure. 


Print cribs are located at critical 
points throughout the department. 
Copies of drawings and specifica- 
tions are available in these locations. 
A copy of the change (AN) is filed 
in each crib within 24 hr and is at- 
tached to its drawing in the cribs 
within 48 hr. 


A SINGLE REPRINT 


of this article is available as long 
as the supply lasts. Write on com- 
pany letterhead to: The Editor, 
AEROSPACE MANAGEMENT, 56th 
& Chestnut Sts., Phila. 39, Pa. 
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What happens when missile manufacturing techniques start to 


lag behind the state-of-the-art? Costs stay unnecessarily high! 

To make sure this doesn’t happen in Pershing propulsion, Thiokol has 
set up a technical staff to constantly review materials and processes 
and submit cost cutting proposals. Early studies show that 
substantial, even spectacular cost reductions are now possible. 


SLASHING COSTS 
On Pershing Propulsion 


® Spectacular cost reductions are 
possible in Pershing’s propulsion. 
Converting to a filament-wound re- 
inforced-plastic motor case would 
in itself reduce the direct cost of 
a set of motor cases more than 50 
per cent. This would amount to a 
saving of $20,000 per set. Thiokol 
has formally proposed this switch 
to Martin and Army in a detailed 
value analysis document. 

The Thiokol Value Engineering 
proposal includes 39 ways that new 
materials and processes could chop 
Pershing costs. Not all are so spec- 
tacular. 

Another case fabrication tech- 
nique, called the “hot-cup cold-draw 
method” could effect similar savings, 
should the switch to plastic be con- 
sidered too drastic. This manufac- 
turing process would eliminate all 
welds from the case. 

Thiokol has asked for $2.92 mil- 
lion to further study and effect some 
of these value concepts. Savings 
could total hundreds of millions in 
a long-run contract. But, it appears 
that Army is willing to fund only 
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about $600,000 to $700,000 of the 
work. 

State - of - the - Art Advances— 
Present design of the Pershing pro- 
pulsion system is based on materials 
and processes known to be satis- 
factory when the project got under- 
way. There have since been many 
advances in the state-of-the-art. 
Only those changes which do not af- 
fect the compatibility of the pro- 
pulsion system with the rest of the 
missile are included in the Thiokol 
proposal. 

Some of the proposed concepts, 
however, involve changes that are 
extensive enough to warrant static 
firing tests. Five sets of motor 
inert components, at a total cost of 
$323,120, would be needed to test 
the proposals listed in Table I. (A 
set consists of one Pershing XB-1 
and one XB-2 motor, Propellent, 
case liner, and bonding agent costs 
are not included.) Delivery schedule 
of the five motor sets would be as 
follows, if the proposal is funded: 

@ One set of components Janu- 

ary 15, 1961. 
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@ Two sets of components Feb- 

ruary 1, 1962. 

@ Two sets of components Feb- 

ruary 15, 1962. 

The changes suggested in Table 
II require more extensive testing. 
Neither the number of test pieces 
nor the exact test cost has been de- 
tailed. 

Filament Wound Case—Persh- 
ing motors are made from vacuum 
—Consutrode H-11 steel at present. 
The head and aft domes are ma- 
chined from 4500-Ib forgings. This 
is expensive. A lot of material ends 
up as machine chips. 

The case cylindrical section is 
made by spin-forming blanks that 
are machined from rolled-ring forg- 
ings. The walls are about 0.080-in. 
thick when completed and have a 
slight taper. To complete the case, 
the domes are welded to the cylin- 
drical section. Quality of the welds 
is critical, they are therefore care- 
fully inspected. The weldments must 
be heat treated, which includes pre- 
heat, normalizing austenizing, 
quenching, tempering, and straight- 
ening. Before the case is completed 
it must be assembly machined, 
drilled and tapped, all to close toler- 
ances. More than 500 different op- 
erations are performed on first and 
second stage Pershing cases at Pratt 
& Whitney’s East Hartford plant. 
All are time consuming and expen- 
sive operations. 

Thiokol has requested funds to 
transition from steel to reinforced 
plastic cases. Head and aft dome 
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First and second stage Pershing cases 
are machined simultaneously after the 
forward and aft domes are welded in 
place. Not all of the 500 operations 
performed at Pratt & Whitney have this 
inert economy. Machining the second 
stage forward dome is very expensive. 
Thiokol proposes to give P&W a $100,- 
800 subcontract to perfect a machin- 
ing method called “skip-turning.” 


insulation could be made an inte- 
gral part of the plastic case. This 
would eliminate the separate instal- 
lation costs. 

The decreased weight of the 
plastic case would result in a range 
increase with no change in propel- 
lent weight. Or, should present 
weight prove to be important, more 
propellent could be added to fur- 
ther increase range. 

Adopting the filament winding 
technique would reduce direct costs 
of the Pershing by decreased in- 
spection costs, and reduced shipping 
weights would effect further savings. 
At an estimated saving of $20,000 
per motor set, the cross over point 
would be reached after the manu- 
facture of 20 sets of filament wound 
motors. 

“No-Weld” Case—Switching to 
plastic is not the only way huge sav- 
ings can be made in the Pershing 
motor case. Thiokol estimates that 
a fabrication method called the 
“hot-cup, cold-draw” would also 
result in savings of $20,000 per 
motor set. But, since change-over 
costs would be higher with this 
method, the break-even point would 
not be reached until 43 sets of mo- 
tors were produced. 

The chief advantages of the hot- 
cup, cold draw process are: 

(1) Would use only 2000 lb of 
raw steel for the manufacture of 
both stages. At present each head 
and aft dome are machined from 
4500 Ib forgings. 

(2) Reliability of the case would 


be increased since the “cold draw” 
of the cylindrical section would 
completely eliminate weldments. 

(3) The process lends itself to 
the use of vacuum degassed steel, 
which is one-half the cost of vac- 
uum-Consutrode material. The only 
reason for use of this high priced 
steel at present is the weldability 
factor. Use of vacuum degassed 
H-11 or D6C would in itself cut 
$1400 from the cost of each motor. 

(4) Better weight control would 
be obtained, since the process al- 
lows very close control over inside 
and outside wall-tolerances. 

Less Spectacular Savings— 
There are many other value engi- 
neering changes that could cut 
Pershing costs. They are less spec- 
tacular, but some can be effected 
more rapidly. 

NOZZLE - TO - CASE - JOINT: 
Blind nuts (72 on 1st stage and 60 
on 2nd stage), individually ma- 
chined and assembled to the case, 
are now used in the nozzle-to-case 
joint. Each nut uses an O-ring to 
seal in internal pressure and is 
swaged in place on the case and pre- 
vented from rotating loose by a 
dowel pin. The chance of seal de- 
terioration on each test firing makes 
reuse of the motor case question- 
able. 

Thiokol proposes to develop a 
method for bottom tapping the at- 
tach bolts and thus eliminate the 
machining and assembly of each 
nut. Nut clearance counter sinks 
on the nozzle flange face could be 
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eliminated. 

The change would increase case 
reliability and cut costs by $575 on 
each motor set. Cross-over point is 
calculated at 73 motor sets. 

ELIMINATE DELAY: A five 
hour delay is called for in current 
processing specifications before the 
final propellent mix can be poured 
into the case. The delay is to assure 
that previously loaded propellent 
has fully contracted before the cur- 
ing cycle is started. Since the pot 
life of the PBAA (Polybutadiene 
acrylic acid) propellent mix is less 
than delay time allowed for con- 
traction, three separate mixes are 
needed in loading the XB-1 motors. 

Thiokol has discovered, through 
preliminary measurements, that 
there is no detectable contraction of 
the propellent before or during the 
curing process. Should further ex- 
tensive study bear this out, the five 
hour delay could be eliminated at 
saving of $1113 per XB-1 motor. 
The cross-over point for this saving 
would be 5 motor sets. 

PROPELLENT ACCEPT- 
ANCE: Present practice is to manu- 
facture five batch check TX3-1 mo- 
tors per mix and to fire four of these 
at three different K,’s and tempera- 
tures. The pressure and burning rate 
in a large Pershing motor is then 
estimated at the actual K,. 

Thiokol’s Utah Div. finds that 
strand burning rate data can be sub- 
stituted for batch check motors on 
the TU-137 motor. It has proposed 
to study whether this is also true 
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SLASHING COSTS... 


continued 


on the Pershing motors. 

Use of uncured strands in the 
acceptance tests would permit 
checking the ballistics of each mix 
before pouring it into the full-scale 
motor. Out-of-tolerance mixes could 
be adjusted and rejects of motors 
would be eliminated. 

Savings of $2050 per motor set 
would be a direct result of the 
strand burner test. Cross over point 
would occur at 4 motor sets. 


ELIMINATE COOL DOWN: 
A required step in the standard pro- 
cedure for processing motors con- 
taining H-series propellents is a con- 
trolled cool-down at the rate of 8 
deg F every 8 hr. This control 
means the motor must stay in the 
curing pit for 40 hrs after the cure 
has been completed. Turn-over rate 
for each pit is reduced, man-hour 
charges are increased. 

It is proposed that the effects 
of shutting off the heat at the end 
of cure and allowing the propellent 
to cool naturally to the desired tem- 
perature for mandrel removal and 
finishing operations be studied in 
test motors. 

Adopting this concept would 
give a direct saving of $120 per 
motor set and would increase the 
cure-pit turnover rate. Cross-over 
point for the saving would be 
reached after manufacture of 12 
motor sets. 


RECLAIMING CASES: A lot 
of time and effort has gone into re- 
covering cases from rejected mo- 
tors. Removing the materials from 
the case is the problem. Methods 
investigated include solvent soak, 
mechanical drilling, underwater 
burnout, and high-pressure water 
jets. 

Solvent soak has proven imprac- 
tical because it takes too long. Me- 
chanical drilling is considered un- 
safe. Underwater burnout has been 
effective for a limited class of motor. 
Water-jet clean out has demon- 
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Cylindrical section of both first and second stage Pershing motors is spin-formed 
to 0.80-in. thickness by Pratt & Whitney. Forward and aft dome closures are then 
welded in place. Thiokol proposes to give Lyon Machine Tool Co. an $820,000 value 
engineering contract to perfect a “‘hot-cup,” “‘cold-draw’’ technique that would 
eliminate all weldments. 


strated the broadest range of ca- 
pability. 

A proposal has been submitted 
to optimize a high-pressure water- 
jet system for Pershing motors. This 
includes: 


@ Fabricating or modifying tool- 

ing. 

@ Determining proper hydraulic 

pressure. 

@ Determining proper impinge- 

ment angle. 

@ Determining proper nozzle 

design. 

@ Determining proper rotation 

speed for nozzle. 

All known types of detective 
propellant can be removed by this 
method. But the thin-walled, high 
strength steel cases, the molded- 
plastic insulation, and the plastic 
slivers used in Pershing motors offer 
a set of conditions that need further 
study. 

A direct monetary value is very 
difficult to set in savings to be real- 
ized by reclaiming motor cases. But, 
it has been estimated at $1800 per 
motor set. The cross-over point 
could be about 17 motor sets. 


PRECISION DOME FORG- 
INGS: There is a web thickness of 
almost one inch on the forgings 
from which case domes are manu- 
factured. 

By designing and building new 
forging dies for the forward and aft 
motor case domes of both stages a 
saving of $1500 per motor set 
could be realized. The dies would 
produce forgings with a web thick- 
ness of 4% in. The cross-over point 
for realization of the savings would 
be 64 motor sets. 


Further savings in forging dies 
could be realized by designing a new 
die for the first stage dome which 
would not include provisions for 
reverser ports. At present, the same 
forging is used to manufacture the 
forward head dome of both stages. 
Because a thrust reverser port must 
be machined from the second stage 
dome, excess material is provided 
on the forging. When using this 
forging to make a first stage dome, 
the material must be machined off. 
This increases scrappage and man- 
power costs. By using an optimized 
forging die for the first stage for- 
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To obtain welds that are practically free of porosity and inclusions, Pershing motors 
are fabricated from a high-purity raw material (vacuum melted, Consutrode steel). 
Preliminary tests indicate that vacuum degassed H-11 and D6C steels give equal 
welds if handled properly. Thiokol proposes to save $1400 per motor set by making 
the switch in raw materials. Cross-over point for the savings is 58 motor sets. 
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Table 1—COST SAVING STUDIES FOR PERSHING 


Recommended For Early Funding Total Cost $930,785 
Cost of Time Saving 


Purpose of Study Implementation (wks)* Per Sett 
1. Nozzie-to-Case Joint Modification for Persh- 
ing Motors $89,821 33 $575 
2. Pyrogen- to-Case Joint Modification for Persh- 
ing Motors $76 ,231 32 $400 
3. Precision Forgings for Head ‘and Aft Dome of 
Motor Cases $206 , 541 26 $1500 
4. Skip-Turning of ‘Second Stage Motor Case Yt at tegen ace 
Forward Dome _ $215, 663 40 $225 
5. New Forging Die for First Stage Forward 
Dome $44,957 12 $275 
6. Air-Melted Steel for Forward and Aft Case ae sm 
Skirt Extensions $78,930 21 $330 
7. Low Cost Material for Nozzle Entrance Cone Be Cae on 
Liner $12,938 8 $400 
8. Improved Nozzle Entrance Cone Fabrication 
Method $59,105 13 $1000 
9. Improved Nozzle Exit Cone Liner $19,826 22 $500 
10. Evacuation of Propellant Casting Lines $4095 . 15 «$500. 
i. ” Reclamation of Pershing Motor Cases from aad ears 
Reject Motors by High-Pressure Jet 
Cleanout $63. 107 14 $1800 
12. "Study to Eliminate the Five-Hour ‘Delay RUE SEAT: 
Period in Processing Pershing Motors $3816 34 $1113 
13. _ Elimination of Controlled Cooldown of Motors $3165 ‘ea $120 
14. Strand Burner Acceptance of Propellant RS er Ir Ce 
Batches $15,823 26 $2050 
15. Design and Evaluation of Pyrogen A Adapter 
Inspection Fixture $9401 14 $49 
16. Design and Evaluation of Reverser Tube ea CT ae = 
Inspection Fixture $6702 8 $32 
17. Design and Evaluation of Inspection Fixtures Shere See x 
for Pershing Motor Inert Slivers $12,845 7 $84 


(*) Time from authorization of study to start of production. 


(ft) Motor set consists of all components necessary to produce 
one Pershing XB-1 and one XB-2 motor. 
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ward dome, $275 would be saved 
per motor set. The cross-over point 
would be reached after production 
of 76 motor sets. 

SKIP TURNING: The forward 
dome of the second stage Pershing 
motor case contains three reverser 
ports and an igniter boss. The ma- 
chining technique now in use is to 
contour turn the inside surface, and 
to “keller” and hand-blend the out- 
side surface contours. Machining 
the outside surface therefore is es- 
sentially the same as the time-con- 
suming method used to machine 
dies. 

Thiokol’s value engineering 
studies show that it would be feasi- 
ble to machine the ouside contour 
by “contour skip-turning,” i.e., con- 
tour-turning around the three re- 
verser ports and bench blending. 
Funds are needed to develop tooling 
and further study the technique. 

It is estimated that a $225 sav- 
ing could be realized on each motor 


set using this new technique. 
... continued on next page 


Table II—COST SAVING STUDIES FOR PERSHING 


Require Detailed Study Total Cost $1,990,782 


Cost of Time Saving 


Purpose of Study implementation (wks)* Per Sett 


1. Flash Butt Welded Ring Blanks for Flow- 


turned Cylinders $65,895 27 $1525 
2. Hot Cup, Cold Draw Case Fabrication Method $955,177 56 $20,000 
"3. Use of f Vacuum-Degassed Stee! in Cases $88, 3,391 39° $1400 
“4. Filament Wound Motor Cases 3 at, 755 39 $20,000 
a) er ee 
6. Light-Weight Low-Cost Plastic Nozzles 78, 636 30 
‘¢ Improved Technique for Molding XB-2 Head- ; R 

End Insulation (1-Piece, Flexible) $39,816 28 


8. Improved Molding Techniques for Pershing 
XB-1 Head-End Insulation $0158 17 


9. Hermetic Sealing of Initiators sit, 148 21 


10. Corrosion Resistant Coating for Exploding 

Bridgewire Initiator Contacts $4977 21 
11. Hazards Classification Reduction for Pershing 

Pyrogen Propellant $23,491 21 


12. - Propeliant Mixer Capacity Studies _ $24,686 13 
13. Study to Reduce the Number of Voids $26.876 30 


14. - Single Coat Liner for Pershing Motors $10, 382 13 


18. | Selection of a Better Solvent for Removal of aye, 
PBAA Compositions from Cases $10,949 16 


16. Dimensional Tolerance Relaxation Study $44,195 52 


17. Study of Porosity in H H-11 Steel ( Case Welds $33,246 17 


18. Review Material Specifications and Accept- 
ance Test Procedures $22,098 52 


19. Study to Establish More Realistic inspection 
Standards for Pershing Pyrogen Motors $8162 26 


20. Chemical Analysis of Propellant $10,750 10) 
21. Revision of Drawings to Facilitate Inspection $7764 15 


22. Development of Propellant Profilometer In- 
spection Techniques $66 ,492 28 
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MANPOWER COSTS 


For Value Engineering Studies Suggested In Table | 


OPERATIONS ‘Were Rate 
Operations Planning Department __. 84 4.27 
Propellant and Process eee-eueR 

Department... 3.95 
Operations navies ania 426 4.41 
Pilot Lines Department. . 243 3.93 
Quality Department P 370 4.34 
Engineering Department 3,162 4.41 

PROJECT MANAGEMENT 
Project Management.............. 3,463 4.58 


Total Direct Labor 


VALUE ENGINEERING SUBCONTRACTS 
Proposals Suggested In Table | 


SLASHING COSTS . 


PLASTIC NOZZLES: Both the 
Pershing XB-1 and XB-2 rocket 
motors use plastic nozzles. The de- 
sign incorporates molded-ablative, 
erosion-resistant liners in the con- 
vergent and divergent sections, a 
graphite throat insert and steel at- 
tachment rings. The weight penalty 
of the steel attachment is obviously 
great. Thiokol believes the state-of- 
the-art in materials is now advanced 
far enough to eliminate the steel and 
use an all-plastic rocket nozzle. A 
saving of over $4000 per motor set 
could be realized from an all-plastic 
nozzle. Cross-over point would be 
17 motor sets. 


IMPROVED NOZZLE EN- 
TRANCE: Short of going to an all- 
plastic nozzle, improving the fabri- 
cation method on the nozzle en- 
trance cone could result in savings 
of $1000 per set of nozzles. 

Longitudinal structural materi- 
als in the convergent section of the 
nozzle are applied in two separate 
laminating steps. The first laminate 
is laid-up adjacent to the entrance 
cone-liner. The laminate is hydro- 
claved and machined to finish con- 
tour. Circumferential rovings are 
then applied over this first laminate, 
cured, and finish machined. The 
second longitudinal laminate is laid 
up over the circumferential rovings. 
The unit is cured and machined to 
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final dimension. 

Circumferential rovings could 
be applied directly to convergent 
section liner. The longitudinal ma- 
terial could be applied in a single 
operation over the circumferential 
rovings. One laminating set-up, one 
hydroclave operation, and one ma- 
chining operation would be elimi- 
nated. About $1000 would be saved 
on each set of nozzles. And the 
cross-over point for the change 
would occur after producing 28 
motor sets. 


IMPROVED NOZZLE EXIT: 
Exit cone liners for tactical missiles 
are molded from FM-5010 chopped 
graphite-fabric compound. The 
molding technique highly orients 
the small squares of graphite fabric 
compound in a plane parallel to the 
surfaces of the exit cone. This 
orientation is believed to be the pri- 
mary factor in exit cone spalling. 

It is proposed to investigate 
fully a switch to FM-5014 chopped 
graphite-fabric molding-compound. 
This material has a much lesser 
tendency to fiber orientation. It 
costs $2/lIb less than the present 
compound. Char and erosion char- 
acteristics look equal to or better 
than FM-5010 in small-scale test 
motors. 

The use of FM-5014 should de- 
crease the cost of a set of nozzles 
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Non- Subcontractor /Purpose $ Contract Value 
Exempt 
Hours Rate Amount Pratt & Whitney Aircraft for Nozzle Attachment Joint Modification....._. . 29,325 
1672.45 $767.83 Pratt & Whitney Aircraft for Pyrogen Attachment Joint Modification... .. 29,050 
“ ¥ Curtis Wright Corporation for Precision Dome Forgings............... 96,550 
1.216 2.45 5384.75 Pratt & Whitney Aircraft for Skip-Turning of Second Stage-Forward Dome 100,800 
7 ? ote oe Pratt & Whitney Aircraft for Precision Forging Die.................... 21,000 
850 2.78 4,173.66 Curtis Wright Corporation for Air-Melted Steel Skirt Extensions... .... . 33,500 
483 = 2.35 2,090.04 
741 2.75 ~—«-3,643.55 Proposals Suggested In Table I! 
8,303 2.66 30,666.30 Pratt & Whitney Aircraft for Flow-Turning Blanks.................. 53,350 
Lyon Machine Tool Company for Hot Cup, Cold Draw Case Fabrication 
MG Fin hb crhc soak b> bo Kobo cast ape tus ths ema em aed NOMI os 820,000 
Curtis Wright Corporation for Vacuum Degassed Steel Study.......... 60,000 
Douglas Aircraft Company for Filament Wound Motor Case Program... 225,000 
6,926 2.20 31,097.74 Dumont Manufacturing Company for Light Weight Low Cost Nozzle Program 45,500 
Sen Interdivisional Work Order to Hunter Bristol Division-Thiokol for Forward 
$77,824.00 Ns Ws oes wen bleed ec Uea als dab Weare tan ten be Cee seeaes 27,000 


by $500. It would also decrease the 
weight of each nozzle by at least 
10 Ib. Savings cross-over should 
occur after 19 motor sets are manu- 
factured. 


NOZZLE ENTRANCE LIN- 
ER: The entrance liner on Pershings 
plastic rocket nozzle is a composite, 
high-pressure molding of an erosion 
resistant material (FM-5014) and a 
heat resistant material (Durez 
21066). Manufacture entails fabri- 
cating two performs, one of each 
material, and then molding them to- 
gether. 

Material and process value ana- 
lysts believe that FM-5014 and 
Durez 21066 can be replaced with 
a high-silica fiber-phenolic material 
which will serve as both a heat and 
erosion barrier. The preform op- 
erations and the handling of the 
two materials would be eliminated. 
A total cost reduction of $400 per 
set of motors would result. Cross- 
over point to realize the savings 
would occur after production of 15 
motor sets. 
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of this article is available as long 
as the supply lasts. Write on com- 
pany letterhead to: The Editor, 
AEROSPACE MANAGEMENT, 56th 
& Chestnut Sts., Phila. 39, Pa. 
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To call the roll of America’s space efforts—in 
missiles, satellites, launch vehicles and space- 
craft—is virtually to name the projects which 
rely on Wyman-Gordon forgings. 


Specialization has made it so. For this is the 
one source whose pioneering in the sophisti- 
cated metal-forming requirements of flight 
dates from the dawn of our air age. 


Thus Wyman-Gordon brings to today’s space 
challenges a record of hot-working achieve- 
ment and experience unduplicated in both 


environments. 
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This background considerably extends the 
scope of Wyman-Gordon forging services. 
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Consultation can indicate how ultimate per- 
formance of your project’s critical-mission 
hardware may benefit from Wyman-Gordon 
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There is little doubt that aerospace efforts 


shall continue to expand in the next decade. 


The attendant growth in aerospace systems, 


however, may not necessarily imply a promising 


market for electronic checkout equipment. 


WARNING: 


Electronic AGE Market 
due for decline 


by Solomon S. Fineblum, Consultant Research Engineer 


® The present market for elec- 
tronic checkout equipment is im- 
pressive. It has been estimated that 
up to 80 per cent of all Aerospace 
Ground Equipment (AGE) is in the 
nature of checkout equipment. 
Basic function of this checkout 
equipment is to verify, prior to a 
mission, the operating condition of 
the systems, subsystems, and cir- 
cuits. Checkout procedure, in gen- 
eral, is as follows: A fixed signal is 
fed into a component or circuit to 
be tested, and the output is com- 


a 


Most market analyses are based on 
simple extrapolations of current dol- 
lar-volumes. As a more realistic fore- 
casting tool, the author suggests the 
superimposing of a technological anal- 
ysis and change on this purely dollar- 
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pared with a reference output. If 
the difference between signals is 
within tolerance, a “Go” signal js 
generated. This “Go” signal can be 
read out individually by an operator 
or it can be fed into a sequential 
or automatic checkout device which 
switches to the next step. If the 
output, however, is beyond the per- 
missible tolerance, then a “No-Go” 
signal results. In the case of an in- 
dividual operator, this “No-Go” 
signal initiates a more detailed 
checkout or a repair routine. In 
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automatic devices, the “No-Go” sig- 
nal generates a sub-routine to more- 
exactly identify the location and the 
nature of the deficiency. 

Hence, the checkout equipment 
tends to comprise circuit combina- 
tions of telemetering and comput- 
ing devices. Automatic checkout 
equipment is mostly in the nature of 
a computer. It automatically does 
the following: processes the inputs 
versus the outputs; comes to a con- 
clusion as to the significance of the 
measured transform function; and 
selects a sub-sequence for the re- 
mainder of the test operation. 


Nature of Equipment—The pres- 
ent electronic checkout product line 
is characteristically very similar to 
in-plant checkout and inspection 
equipment with one basic difference: 
for field mobility, the equipment is 
mounted in a van or in a cart. Con- 
nected with “adapter” units, the sys- 
tem is used to check a particular 
vehicle. In fact, it has been noted 
that much of the checkout equip- 
ment although specifically devel- 
oped for a particular vehicle has 
later been shown to be useful for 
in-plant checkout and inspection 
processes. 

Now let’s review the trends 
which are influencing the design 
philosophy for checkout equipment. 


Mobility and Speed—Modern- 
warfare concepts are based on mo- 


market analysis. Using this technique, 
he predicts a series of downtrends 
for electronic checkout equipment by 


@ A decrease of about 50 per cent, 
from the extrapolated market, due 
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bility and quick-reaction capability. 
If the amount of equipment that 
must accompany a vehicle is re- 
duced, mobility would be increased. 
Likewise, if checkout procedures 
could be compressed or eliminated 
altogether, quick-reaction capability 
would be enhanced. So, we can pre- 
dict with reasonable certainty that 
in the development of future aero- 
space systems great efforts will be 
made toward checkout simplifica- 
tion. 


Automatic Checkout — Auto- 
matic checkout to save time and 
skilled labor has long been a popu- 
lar concept. It was once feared that 
all automatic checkout systems 
would be special purpose. There are 
still arguments on the relative costs 
and complexity of multi-purpose 
adapter systems. Nevertheless, about 
half of all automatic checkout sys- 
tems reported in recent years and 
most of the later ones are claimed 
to have multi-missile capability. 
This contributes to, rather than de- 
tracts from, standardization. 


Standardized Checkout — The 
need for standardization as a cost- 
reduction device has also been long 
recognized by users of checkout 
equipment, and has been more and 


more incorporated into specs and re- | 


quirements for weapons systems. It 
can be accepted as a generalization 
that most major vehicle systems have 


to standardization. 


much of the checkout equipment in 
a partially-standardized form. Fu- 
ture systems will not require en- 
tirely mew specialized checkout 
equipments. As a result of stand- 
ardization we will be able to use 
much of the equipment that exists 
now. 

Standardization is both vertical 
and horizontal. That is, the same 
piece of equipment can be used at 
various stages in the production-to- 
use cycle, and the same piece of 
equipment tends to be applicable to 
more and more different vehicles. 

It has been estimated that as 
much as 85 per cent of all checkout 
functions are common to most ve- 
hicles. Hence, ultimately it can be 
anticipated that about this percent- 
age of all checkout equipment will 
be standard. This suggests for the 
future that standardization will have 
a great effect in reducing electronic 
AGE costs as well as sales. It is 
important to note that progress in 
standardization and progress in 
automatic checkout often accom- 
pany each other. 


Solid State Electronics — The 
main accomplishment of solid state 
electronics, from an operational 
point of view, is the incorporation 
of electronic circuit functions into 
tiny, physically-stable devices. Vac- 
uum electronic devices, on the other 
hand, are assemblies of relatively 


@ A decline of about ten per cent re- 
sulting from simultaneous microm- 
iniaturization and modularization. 


@ A loss of at least ten per cent from 


increased reliability. 
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fragile thin wires and plates sus- 
pended in a vacuum of inert atmos- 
phere. Typical of one of the accom- 
plishments in this area is a process 
well-known as potting, where a num- 
ber of solid state devices are assem- 
bled and this entire assembly is 
immersed in a plastic. This forms 
a three-dimensional rigid body that 
protects all the individual compo- 
nents from transient loads and other 
damaging environmental influences. 
Consequences of solid state accom- 
plishments are briefly: miniaturiza- 
tion, modularization, and enhanced 
reliability. The operational and eco- 
nomic consequences of these will be 
examined later. 


Modularization — This consists 
of using expendable or at least re- 
movable modules, with a minimum 
of test points. An operational con- 
sequence of electronic modulariza- 
tion is a decreased time-to-ready. 
Now entire systems and sub-systems 
can be efficiently encapsulated in one 
modular unit. Testing is based sim- 
ply on the transform function across 
this particular unit and in case of a 
deficiency, the entire unit is removed 
and replaced. The resulting eco- 
nomic implications need no elabora- 
tion. 


Subminiaturization — The Sub- 
miniaturization of aircraft and mis- 
sile guidance and control systems 
is the most dramatic result of ad- 
vances in applied solid state elec- 
tronics. One startling aspect of this 
development is the unexpected speed 
with which subminiaturized systems 
are going into production. Inherent 
in this advance is the simultaneous 
improvement of system reliability. 


New Logics Are Flyable—The 
new logics that were developed for 
automatic checkout, when combined 
with advances in subminiaturization, 
make it possible to incorporate the 
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WARNING: Electronic AGE Market .. . 


concepts of automatic checkout into 
the vehicle itself. In general, we 
have a combination of subminiaturi- 
zation and the new self-corrective 
logics. Subminiaturization tends to 
make the self-correcting circuits 
practical, because now, redundancy 
and logic sub-circuits add only a 
tiny increment to the total system 
volume and weight. So, now, it is 
economical to incorporate automatic 
checkout and self-correcting, highly 
redundant circuits into the vehicle 
itself. 


Improved Reliability—As _ reli- 
ability continues to improve, less 
checkout equipment will be required. 
As stated earlier, solid state and 
microminiature components are in- 
herently more stable and reliable. 
New logics and circuit designs have 
produced systems that remain re- 
liable in spite of component fail- 
ures. These self-checking and self- 
repairing circuits have already been 
used in equipment and make possi- 
ble entire guidance and control sys- 
tems that can be built to take care 
of themselves. Fluid control sys- 
tems of high reliability can also be 
produced to replace some electronic 
systems. 

Having reviewed the effects of 
recent trends on electronic AGE 
design, let us now project their in- 
fluence on future markets. 


Standardization Effects — Let’s 
assume that standardization is the 
fire trend to change the present 
market. Even present systems have 
sufficient standardization, to an ex- 
tent that their replacements will be 
quantitatively fewer. For instance, it 
has bees noted that 50 per cent of 
the checkout equipment for the Ser- 
geant is general-purpose and ap- 
plicable to its successors. To be 
conservative, let’s assume that the 
decreased caused by standardiza- 
tion is not felt until sometime in 
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THE ELECTRONIC CHECKOUT EQUIPMENT MARKET 


SIMPLE EXTRAPOLATION 
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1962. If we consider all the elec- 
tronic checkout functions which 
could be made interchangeable and 
standardized, the estimated decrease 
is close to approximately 80 to 85 
per cent. Theoretically, we could 
come to a point where 85 per cent 
of all the units required for any par- 
ticular vehicle are standard and have 
already been produced for an earlier 
vehicle, hence they do not have to 
be individually procured for the new 
vehicle. Again, being conservative, 
we will use the number of 50 per 
cent rather than the 85 per cent. 
So just to predict the effect of 
standardization, we will take the 
present upward curve, allow it to 
continue for a few years, then show 
a decrease to about 50 per cent of 
the projected electronic checkout 
market in ten years. 


— REUSABLE DESIGNS 
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Modularization—There are al- 
ready micromodules which require 
less checkout than their predeces- 
sors. It is predicted that by 1963 
subminiaturization will be the rule 
rather than the exception for mis- 
sile electronics. Therefore we will 
predict that about that time the 
market will have decreased further. 
Authorities predict that by 1963 
and 1964 thin-film circuits will be 
in full production. This also sug- 
gests a decrease. 

Next step in miniaturization is 
a process which results in integrated 
circuits. These should be in pro- 
duction in about 1963 or 1964. A 
decrease is again likely during this 
period because microminiaturiza- 
tion will prohibit a detailed check- 
out. The decrease caused by micro- 
miniaturization and modularization, 
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THE MORAL OF THE HAND CRANK 


The prediction of a decrease in 
electronic AGE in the light of the 
present upward slope of the curve 
may be easier to understand by 
reviewing a similar change that 
occurred in a different industry. 
Automobile starter cranks _in- 
creased from about 4000 in 1900 
to more than 3 million in 1927. 
A quantitative analysis of the au- 
tomobile hand crank market in 
1927 would have shown a steadily 
increasing rate in the dollar value 
and unit sales. 

However, between 1912 and 
1914, many American automobiles 
had been equipped with self start- 
ers. Since then, the hand crank 
was supplied as an emergency- 
means of starting the car. In some 
cases, including the famous 1923 
Model T, the hand crank was per- 


manently attached to the front of 
the engine. In other cars, it was 
carried inside, just “‘in case.” 
This entire period was one in 
which the engine and automobile 
ignition system, in general, and 
the self starter, in particular, grew 
appreciably in reliability and ac- 
ceptance. Thus, the hand crank 
became obsolescent, and after 
1930, was no longer issued as 
standard equipment on many cars. 
Soon thereafter, use of the hand 
crank was completely abandoned. 

In this instance, a purely quan- 
titative extrapolation of the sales 
curve could have led to an incor- 
rect conclusion. Yet, a technical 
study into the purpose and func- 
tion, which the automobile hand 
crank fulfilled, would have direct- 
ly suggested its limitations. 


scp pce esaanas 


Author Fineblum 
... extrapolation is not enough... 


is simultaneous with the decrease 
caused by standardization. As a re- 
sult, we can predict that the market 
will be down to about 40 per cent 
of what it would have otherwise 
been with no technological change 
in ten years. 


Increased Reliability—A_ third 
trend that will influence the future 
electronic AGE market is that of 
increased reliability. Reliability is 
increasing by orders of magnitude, 
both as a result of the improvement 
in the components and the methods 
of packaging and assembling, also 
through the incorporation of rela- 
tively-stable, and self-correcting sys- 
tems. With the increasing use of 
stable circuit logics and inherent re- 
dundancy, the checkout process be- 
comes less necessary. The effect of 


this reduction is difficult to quantify. 
However, it can be conservatively 
estimated that from 1962 until 1970, 
ten per cent of the total market will 
be lost as a result of this increase 
in reliability. 


Re-Interpreting $ Curves—The 
above technological analysis has 
shown the relationship between the 
function of electronic checkout and 
the new technology. It has also 
shown how the new technology will 
change the mode of fulfilling the 
needs and functions of electronic 
checkout. The analysis has estab- 
lished a physical basis on which to 
re-interpret the dollar-market 
curves. Thus, on the basis of changes 
caused by technology, it seems that 
any expansion in the electronic 
checkout will be short-lived. 
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Most market analyses and mar- 
ket predictions assume a state-of- 
the-art, and within the limitations 
of this assumption, such predictions 
can be very useful. However, by 
superimposing a technological anal- 
ysis on the purely dollar-market 
analysis, a much more accurate esti- 
mate of the future is possible. By 
the use of this particular engineering 
contribution to market analysis, an 
industrial corporation has a much 
more physical and realistic basis for 
planning. 


+ 


A SINGLE REPRINT 
of this article is available as long 
as the supply lasts. Write on com- 
pany letterhead to: The Editor, 
AEROSPACE MANAGEMENT, 56th & 
Chestnut Sts., Phila. 39, Pa. 


—_—_—_—_—_———— 
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Military procurement is the biggest business in the Nation. It takes 
one fourth of our total budget. Good management of this business is 
essential to the nation’s well being. AEROSPACE MANAGEMENT has 
been a leader in the criticism of procurement practices. (See Vicious 
Procurement Practices June 60, Sept. 60, Nov. 60, Jan. 61, May 61). 
Now it is time to light some candles rather than to curse the darkness. 
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SPECIAL STAFF REPORT—PART | 


+ 


How To Improve 


Procurement Practices 


All is not well with procure- 
ment practices in the Department of 
Defense. And, Senator George 
Smathers (D-Fla.), knows it. 

In May, 1961, Senator Smathers 
appointed a seven-man Military 
Procurement Advisory Committee 
headed by Carl G. Hokanson, Pres- 
ident of the C. G. Hokanson Com- 
pany, Los Angeles, to diagnose the 
ills. The advisory committee fanned 
out into industry, selected a group 
of associates, and dissected twelve 
major problems areas. 

More than 50,000 man hours 
went into compiling the finished re- 
port. It represents a synthesis of the 
opinions of all contributors. The re- 
port cautions “. . . the conclusions 
and recommendations expressed 
herein do not necessarily, in each 
instance, reflect the individual views 
of the associates listed . . .” This 
indicates the issue is so touchy that 
even the committee could not entire- 
ly agree. 

In the report, each chapter deals 
with a particular phase of the DOD 
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procurement muddle. The chapters 
are split into three distinct sections: 
COMMITTEE INQUIRY, COM- 
MITTEE STATEMENT, and REC- 
OMMENDATIONS. The _ para- 
graphs devoted to the COMMIT- 
TEE STATEMENT give a detailed 
summary of the procurement posi- 
tion as it exists today and a discus- 
sion of the working procedures on 
that particular aspect. AERO- 
SPACE MANAGEMENT repro- 
duces below, without alteration, the 
sections of the first two chapters 
devoted to the inquiry and the rec- 
ommendations of the committee. 

Data from the rest of the report 
will be published next month. 


ADVERTISED VERSUS 
NEGOTIATED CONTRACTS 


Committee Inquiry—There has 
been concern with the military’s use 
of negotiated procurement under au- 
thority of the seventeen exceptions 
contained in the Armed Services 
Procurement Act (Title 10 USC, 
Section 2304) rather than the use of 


formal advertising. Consideration 
should be given as to the areas in 
which each of these two forms of 
procurement is appropriate and to 
the over-all impact of each type of 
defense procurement. 

Recommendations—In light of 
the significant position of negotiated 
procurement as the most appropri- 
ate method for expenditure of the 
greater portion of our defense funds, 
it is recommended that the statute 
be modified to eliminate the prefer- 
ence for advertising over negotiation 
and that the ASPR be modified cor- 
respondingly to permit the military 
department to exercise its judgment 
in selecting the type of procurement 
which best satisfies the specific con- 
ditions for each proposed contract. 

In the areas of both advertised 
and negotiated procurement, it is 
recommended that greater emphasis 
be placed upon all of the major pro- 
curement factors including quality, 
delivery and technical advances 
rather than the lowest bid price 
alone. 
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Military Procurement Advisory Committee members who met with Senator Smathers 
for the formal presentation of their final report include: Gilbert Cuneo, William 
Mcinarnnay (committee coordinator), Carl Hokanson, E. D. Carter, and Lem Ander- 
son (committee coordinator). 
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LESTER MURRAY 


ROBERT E. BEACH 
VP. & Corp. Counsel 
United Aircraft Corp. De 


D. A. BUZZELL 
Mer., Heavy Const. Div. 
Associated Gen. Contractors 
of America, Inc. 


ROBERT B. CHAPMAN, Ill 
Exec. V.P. 


Aircraft Armaments, Inc. 


Aerospace Industries Asse. 


DR. T. P. CHEATHAM, JR. 
V.P., Litton Systems Inc. 


LEONARD COMEGYS 
Div. Attorney 
Bendix-Pacific Div. 
The Bendix Corp. 


W. W. CRISSINGER 
V.P.. North Electric Co. 


While it is the Committee’s 
judgment that formally advertised 
procurements should, by statute 
and by regulation, have equal stature 
with negotiated procurements that 
involve some form of effective com- 
petition, the Committee believes 
that single or sole source procure- 
ments should be treated separately 


Douglas Aircraft Co. 
AUGUST C. ESENWEIN 


DWIGHT D. GUILFOIL, JR. 
Paraplegic Mfg. Co. Inc. 


OTHER COMMITTEE MEMBERS 


eo 
‘(2 


N. R. DUMONT 


ASSOCIATE MEMBERS 


L. J. De ROSE R. LYSYK 
President Mgr. Engr. Services 
Rose & Associates Jack & Heintz, Inc. 


F. L. DOBBINS 
Dir. of Materiel 
Boeing Co. 


W. G. DORAN 
Dir. of Materiel 


President 


A. A. FARRAR 


Dir. Gov't Contracts 


Raytheon Co. 


CARL HOOD 
Dir. of Materiel 
Norair Div. 
Northrop Corp. 


both in the statutes and regulations, 
and should, as a_ precautionary 
measure against misuse, continue to 
require justification. Title 10, Sec- 
tion 2304 of the United States Code 
dealing with this matter should be 
amended to delete from the seven- 
teen exceptions those which present- 
ly apply to competitive negotiation 
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O. A. SANDQUIST 


WILBUR HARDING 


GERALD ROSENBERG 
V.P., Operations 
Consolidated Diesel 
Electric Corp. 


HENRY MARCHESCHI 
Asst. to V.P. 
Air Logistics Corp. 


JOHN MARSCHALK 
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and to include only those justifica- 
tions deemed necessary when single 
or sole source procurement is util- 
ized by the military departments. 
The Code should be amended, 
furthermore, to clearly define three 
methods of procurement; namely, 
formal advertising, competitive ne- 
gotiation, and single or sole source 
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IMPROVE PROCUREMENT PRACTICES 


procurement, the latter requiring 
careful justification. The Commit- 
tee believes that if competitive nego- 
tiation were released from the re- 
quirement of justification as an ex- 
ception, the tendency would be for 
the military departments to exact 
fuller explanation from Contracting 
Officers for single or sole source ac- 
tions which should be the subject of 
such attention. In short, the em- 
phasis would be placed where it be- 
longs. 


PROPRIETARY RIGHTS 


Committee Inquiry—The Gov- 
ernment, through ASPR Part 2 of 
Section IX, Date and Copyrights, 
and further, through military speci- 
fications such as MIL-D-70327 and 
AF-MCP 71-77, requires that its 
suppliers, including subcontractors, 
disclose data, processes, and other 
know-how in drawings made and 
delivered to the Government under 
the contract. This practice assumes 
that the Government has the right 
to utilize such data, processes and 
know-how for follow-on procure- 
ment. 

The question arises as to the 
propriety of such a requirement by 
the Government and whether or not 
such practices tend to greatly in- 
crease the cost of defense procure- 
ment in relation to the benefits de- 
rived. 

Recommendations—There is a 
degree of clarification afforded by 
the Department of Defense explana- 
tion of contractors’ rights in data 
and the effect of these rights of spec- 
ification such as MIL-D-70327. 
This Committee feels, however, that 
industry is, in general, not clear as 
to the degree of protection it already 
possesses and the Committee be- 
lieves that the confusion existing in 
this field should be eliminated by 
simplifying the system under which 
contractors’ rights are delineated. 
Industry can perhaps be informed of 
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the procedures by which it can pro- 
tect the rights in data it now enjoys 
through a vigorous educational pro- 
gram, which presumably would be 
at its own expense. There is a ques- 
tion whether the many small busi- 
ness defense suppliers can afford the 
expense of a staff of procurement 
experts to advise them of these most 
valuable rights. 

Having accepted the fact that 
MIL-D-70327 acknowledges rights 
as prescribed by the contract, we 
revert to the original and basic com- 
plaint of industry; namely, that the 
reverse engineering clause presently 
in the ASPR definition of proprie- 
tary rights makes the protection 
means to be afforded by this section 
meaningless. The Committee recom- 
mends that the reverse engineering 
concept be eliminated from ASPR 
IX, Part 2 and that the following 
definition of proprietary informa- 
tion, which more closely parallels 
the common law of property rights 
and is contained in the Mutual Se- 
curity Act, be adopted: 

The term ‘information’ 
means information originated 
by or peculiarly within the 
knowledge of the owner thereof 
and those in privity with him, 
which is not available to the 
public and is subject to pro- 
tection as property under 
recognized legal principles. 


Under research and development 
contracts, the Government acquires 
unlimited rights to use all data 
which are delivered under the con- 
tract; however, paragraph (i) of the 
clause eliminates the need for fur- 
nishing data whether proprietary or 
not if it pertains to a standard com- 
mercial item or service offered for 
sale or sold commercially by any 
supplier, provided the item is iden- 
tified as to source and its character- 
istics are furnished. 

It is recommended that this por- 
tion of the clause be revised to 
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permit the contractor to withhold 
proprietary information which was 
previously developed at private ex- 
pense without regard to whether or 
not such items were sold or offered 
for sale. Further, the contractor 
should be required to disclose only 
that background data which was de- 
veloped under the particular con- 
tract involved. 

In order to relieve the reluctance 
of subcontractors to furnish proprie- 
tary data to prime contrctors for 
ultimate delivery to the Govern- 
ment, provisions should be made to 
permit the transmission of data di- 
rectly from the subcontractor to 
the Government without passing 
through the prime or higher tier sub- 
contractor. 

The Committee recognizes that 
there are instances where the Gov- 
ernment has the need for and the 
right to acquire proprietary rights. 
Proprietary data which the Govern- 
ment seeks to acquire for necessary 
purposes should be the subject of 
negotiation, separate and apart from 
the negotiations regarding price of 
other items under the contract. The 
price to be paid for such data should 
be fair and reasonable, recognizing 
the true value of the data itself and 
not merely the cost of preparation 
and reproduction thereof. 

DOD policy should be revised 
to be more receptive to the inclu- 
sion of limited rights clauses by 
procuring agencies in contracts 
where such action would be appro- 
priate and would not be detrimental 
to the Government’s needs. 
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A SINGLE REPRINT 
of this article is available as long 
as the supply lasts. Write on com- 
pany letterhead to: Editor, AERO- 
SPACE MANAGEMENT, 56th & 
Chestnut Sts., Phila. 39, Pa. 
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To make effective decisions, each management echelon needs 
a clear view of problems on its own tier. A realistic management- 
controls system helps decision makers by spotlighting problem areas 


while charting a project’s progress. 


Line-of-Balance Technique 
Directs Decision Making 


by Dr. William Bloom, 


Manager Corporate Management Controls Office 


General Precision, Inc. 


> From the vantage point of man- 
agement three vital questions need 
asking over and over: What is our 
goal? What problems are we facing? 
How are we dering? 

The accuracy with which these 
questions are answered will control 
the course of the program involved. 

Only a clear view from “the top” 
can evoke clear management de- 
cisions. This view must give top 
management concise data that re- 
flect program status, free of un- 
essential details. Also, it must pro- 
vide ready identification of the cur- 
rent or anticipated problem areas 
for timely decision making. 

Through its management con- 
trols office, General Precision has 
developed a management controls 
system that provides this “clear 
view” from the top. In addition, 
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it offers a clear picture of the pro- 
gram’s status and problem areas re- 
lating to each level of management. 
Basically, the system is equally ap- 
plicable whether the program is 
large or small, and whether it in- 
volves development, engineering or 
manufacturing. 

In this system, data are con- 
densed and synthesized, but not 
altered, during processing for suc- 
cessive management review and 
action. At each level of manage- 
ment the facts can be viewed and 
suggested corrective action passed 
on to the next level. Lastly, inte- 
gration of available cost and per- 
formance data reflects the progress 
achieved in terms of expenditures. 

Management Control System— 
Recognizing the importance of man- 
agement controls in meeting delivery 
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Dr. Bloom 
. .. a clear view is a must... 


and cost targets, industry and gov- 
ernment have encouraged the de- 
velopment of effective management 
techniques. As a result, during the 
past decade, new and improved tools 
have been developed, such as Pert, 
Critical Path, Line of Balance and 
Milestone Reporting. 

Primary function of General 
Precision’s management controls 
office is to provide management 
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LINE-OF-BALANCE 


continued 


control information at the corporate 
level, and to coordinate activities 
within company divisions. System 
used incorporates certain key fea- 
tures from the above mentioned 
techniques, and others, combined to 
form a completely integrated tool 
for management’s use. 

One major application of this 
management controls system was 
in the Federal Aviation Agency’s 
Data Processing Central program at 
Atlantic City, N. J. This case his- 
tory is presented in detail in a book 
prepared under the sponsorship of 
the Bureau of Research and De- 
velopment, FAA, entitled, “Man- 
aging a Development Program.” 


System Features—General Pre- 
cisions management controls sys- 
tem is initiated at the proposal stage 
and continues until a program’s con- 
clusion. System’s features include: 

@ Establishment and mainte- 
nance of a well-integrated set of in- 
ternal controls such as task analysis, 
input/output analysis, manloading, 
critical resources, cost and inven- 
tory control. These factors permit 
the preparation and maintenance of 
highly reliable PERT networks, or 
Level III Line of Balance Charts. 

@ Development and use of tech- 
niques for controls which are ex- 
ternal to the project such as PERT 
Summary Charts, or Level I and 
Level II Line of Balance Charts, 
and Deviation Reports with sup- 
porting detailed information. 

@ Wide use of visual displays 
at the operating level and in the 
corporate management controls cen- 
ter for dynamic reporting of status. 

@ Availability of trained per- 
sonnel experienced in the principles 
and use of management controls. 

@ Regular examination of pro- 
gram status by the corporate man- 
agement controls office to direct top 
management’s attention toward ex- 
isting and impending problem areas 
by briefings, written reports and vis- 
ual displays in the control room. 

@ Development of a control 
system by one of the divisions of 
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Gen. Precision Librascope Opera- 
tions Control System—-LOCS. When 
fully operable, LOCS will provide a 
mechanized data-collection and 
processing system. This will per- 
mit pertinent data to be automati- 
cally collected and entered into the 
system for rapid analysis and dis- 
semination of current status re- 
ports. 


How System Functions — Basi- 
cally, the system evolves through a 
step-by-step selection, definition, 
measurement, interpretation, and 
charting of key events in a program. 
This system can also be used in 
organizing work that goes into bid 
proposals. It offers a realistic basis 
for judging a company’s estimate. 
The same charts used in the bid pro- 
posal for a program can be updated 
and used later to monitor the con- 
duct of the program. 

System functions at three basic 
levels of management. 

(1) At the top level—corporate 
management, or if it is a divisional 
program, at the divisional presi- 
dent’s level. 

(2) At the middle management 
—project managers. 

(3) At the operating level—su- 
pervisors. 

Each level monitors its own pro- 
gram status, anti management sig- 
alerted, by conspicuous danger sig- 
nals, to take corrective action. 
Charted facts are funneled up 
through successive management 
levels to the top. At each level, 
areas needing higher management 
action are so marked before passing 
the facts up to the next level. Thus, 
by the time these data reach top 
management, they have been merg- 
ed into a three-chart Master Plan 
giving the “big picture.” 

This master plan is, in fact, the 
picture which answers the top man- 
agement’s leading questions. It may 
tell them, without mixing them in a 
maze of detail—whether: 

@ Delivery schedules are being 
met. 

@ Inventory levels of raw ma- 
terials and parts are being managed 
adequately. 

@ Operations are progressing 
within budget limitations. 
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@ There are any bottlenecks 
in the flow of materials, compo- 
nents, and parts. If so, where? 

Initiating The Program — Or- 
ganization of a program begins with 
a conference with the project man- 
ager, his senior supporting super- 
visors and the controller. Initial step 
in installing management controls 
is to set up ground rules. In addi- 
tion, the following elements are out- 
lined. 

(1) Provision for a clear state- 
ment of project organiza- 
tion and responsibilities. 

(2) Identification of the tasks 
and an inventory of their 
complexity and cost. 

(3) Analysis of manloading and 
critical facilities. 

(4) Comparison of input/out- 
put to insure proper inte- 
gration. 

(5) Provision for basic net- 
works or flow diagrams with 
required man-hours, mate- 
rial costs and progress re- 
ports. 

(6) Examination and re-evalua- 
tion of the plan to get max- 
imum performances and to 
minimize cost. 

(7) Rapid feedback progress 
and cost information, and a 
comparison with the pro- 
gram forecast. 

Display of Information—Facts 
generated within the project can be 
displayed by PERT Networks or 
Line of Balance Charts. Both em- 
ploy a language of symbols and dia- 
grams to present the basic display 
and its progress or revision. Both 
PERT networks and Line of Bal- 
ance charts have been used at var- 
ious levels of management controls. 

A description of the internal 
management controls is now in or- 
der. Since the PERT technique has 
already been publicized widely, this 
description will be confined to the 
Line of Balance application. The 
basic management control princi- 
ples are similar whether PERT or 
Line of Balance techniques are 
used. 

Line of Balance charts come to 
life with descriptive symbols. These 
are called “sensors” (Fig. 1), and 
are designed to cover the entire 
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WORK DESCRIPTION 


TACAN 
STUDY 
GROUND STATION 
AIRCRAFT COORD. 
SLANT RANGE 
BEARING 


LOS CUTOUT 


SCALE CHANGE and 
CONE of AMBIGUITY 


TACAN SYSTEM DESIGN 


Fig. 1. Individual Flow Diagram 
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O FLOW OF INFO 


I 
{ 
1 . START(STUDY) 
2.COMPL. SYS. STUDY 
°} 3, ROUGH SYS. SKETCH OR LAYOUT 
he 4.SYS. DES. COMPL. 
er 5. BULK ORDER 
6. ROUGH SYS. SCHEM 
7. READY FOR RELEASE 
6. AVAILABLE TO MFG. 


MAGNETIC VARIATION 


CHANNEL SELECT 


CALL LETTER 


WORK DESCRIPTION 


SYSTEM 

INTERCOM & XMTR. 
ADF 

TACAN 

GCI @ TUNING 
POSITION COMPUTER 


ELECTRICAL DRAFTING 
SYSTEM SCHEMATICS 
AMPLIFIER RACK (2) 
SERVO RACK (2) 

SERVOS (12) 
INSTRUCTOR PANELS (4) 
PULSE UNITS (10) 

AUDIO UNITS (7) 


MECHANICAL DRAFTING 
AMPLIFIER RACK (2) 
SERVO RACK (2) 
SERVOS (12) 
INSTRUCTOR PANELS (4) 
PULSE UNITS 
AUDIO UNITS 
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TO ELECTRICAL DRAFTING 


FLIGHT SIMULATOR-RADIO AIDS 


Fig. 2. Integrated Flow Diagram 


EST. TO 
COMPLETE ACTUAL 
or SINC F 


320 
400 "60 | : Kj system vesicn 
1300 : a oS - fjoean OES. & OFT 
1200 7 
560 


© FLOW OF INFO 


START (STUDY) 

2COMPL. SYS. STUDY 

3. ROUGH SYS. SKETCH 
OR LAYOUT 

4.SYS. DES. COMPL. 

5. BULK ORDER 

6.ROUGH SYS. SCHEM. 

7. READY FOR RELEASE 

S. AVAILABLE TO MFG. 
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LINE-OF-BALANCE 


continued 


spectrum of project activity. Be- 
tween any two symbols are shown 
the number of man-hours or mate- 
rial dollars needed for that stage of 
the plan. The sum of all these fig- 
ures gives the budget for the total 
task. 

On flow diagrams, (Fig 1&2) 
vertical lines connect the related 
sub-tasks; direction of flow is shown 
by arrows. The transfer of informa- 
tion is suggested by a broken line, 
whereas the physical transfer of 
equipment is shown by a solid con- 
necting line. 

After completion of provisional 
Level I Charts, comes the detailed 
job analysis for each major task 
and sub-task. This step is reflected 
in Level III (working level) individ- 
ual flow diagrams prepared by the 
supervisors. These charts list the 
tasks, the budgeted hours and cost 
for each task, and identify the man 
for each job. 

Next step consists of bringing 
together the Level III data into one 
or more Level III Integrated Flow 
Charts. This is done by the super- 
vising manager. The result is a uni- 
fied plan showing the interplay be- 
tween related components. If there 
are conflicting demands for facili- 
ties or time, they come into view 
at this stage. 

Now, the Integrated Flow 
Charts are tested—they are review- 
ed in conjunction with the “input- 
output,” manpower and facilities 
needs derived thus far. A simple 
input/output sheet is used for this 
purpose. On this form each super- 
visor tabulates the specific inputs 
he needs to complete the tasks as- 
signed to him, and the dates when 
they are required. From these lists 
each supervisor notes the outputs 
he is expected to provide and when. 

Input/output lists play a vital 
role because they provide a com- 
mon understanding of what is need- 
ed to meet target dates. They reveal 
the areas of conflict which may re- 
quire negotiations between super- 
visors. 
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As a result, the project manager 
may elect a new course of action. 
This information is then fed back 
to the supervisors for incorporation 
in their flow diagrams and input/ 
output sheets. 


Senior Echelon Charts — The 
PERT Network and the Line of 
Balance integrated flow charts are 


designed specifically for levels of 


supervision directly responsible for 
doing the work. Senior echelons of 
management need information on a 
more distilled form. To this end 
Summary PERT Networks and 
Level II and Level I Line of Bal- 
ance Charts are used. 

Each level of charts is a synthe- 
sis of. the previous levels. For ex- 
ample, the PERT Summary Chart 
reflects the key events in the pro- 
gram as selected from the detailed 
network. 

Line of Balance Level II charts 
are synthesis of Level III charts; 
likewise, a Level I chart condenses 
the data contained on one or more 
Level II displays (Fig. 3). Except 
for their levels, the basic elements 
of these Level I and II displays are 
the same. They include the follow- 
ing elements: a graphic presentation 
of the work plan, scaled against 
time, and symbolized with standard 
sensors of accomplishment; a plot 
of cumulative planned and actual 
expenditures against a calendar 
scale; a record of a program prog- 
ress and budget status—both gauged 
against the set Line-of-Balance 
standard for some specified date. 


Closing the Loop—tThus far, 
the discussion has been directed to 
the installation of the system. How- 
ever, equally important is the feed- 
back of concise information in suf- 
ficient detail to permit effective de- 
cision making. Deviation reports 
and financial status report support 
the updated graphic displays. 


Deviation Reports—Sensors or 
checkpoints which are not met— 
according to the prescribed time- 
table—are automatically examined 
and re-evaluated. The Deviation 
Report is used to inform manage- 
ment on: 

@ Nature and extent of all de- 
partures from schedule. 


@ Why the problem exists. 

@ What action has been taken 
to solve the problem. 

@ Any additional corrective ac- 
tion needed. 

Deviation Reports are geared 
directly to the Management Con- 
trols Charts. Therefore, they reflect 
the impact of each problem on cost 
and delivery. 


Financial Status Reports— 
These reports are used for listing 
all the data needed to appraise the 
financial status of the project. This 
is done by comparing work per- 
formed against predicted perform- 
ance. The data used here come 
from time cards and from flow 
charts that the supervisors used to 
base their estimates. Financial re- 
ports to operating personnel nor- 
mally are expressed in man-hours 
and material dollars for comparison 
with original estimates. 

Top management is concerned 
with the entire picture of profit and 
loss. It is also concerned with 
changing burden-rates as well as 
with individual performances. 
Hence, financial reports to top man- 
agement should contain complete 
cost data to allow comparison with 
bid or negotiated figures. 


Management Review—One of 
the most important elements of our 
management controls system is the 
orderly review of progress. A detail- 
ed review takes place at the work- 
ing level at no less intervals than on 
a weekly basis. This is usually fol- 
lowed by meetings with the division 
management at which time the ma- 
jor problem areas indicated on the 
summary charts are reviewed. At 
the corporate level, all major pro- 
grams are reviewed periodically by 
top management. 

To facilitate management re- 
view, visual displays are used at 
each level to indicate program sta- 
tus. At corporate headquarters a 
management controls room has 
been set up in which pertinent 
charts and summary information on 
major programs are displayed. This 
area is used for the corporate review 
of progress on a regular basis to 
direct top-level attention toward 
existing and impending problems. 
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Fig. 3. Level 1 Chart 
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WORKING PERIOD PRIOR TO SHIPMENT 


(NOTE: This chart is normally accompanied by a sensor-identification list, omitted here, to describe all the project activity phases depicted in numbered symbols. Examples: 


1—Contract award; 2—Specifications approved; 


3 through 7—Start of system studies; 8—Force & moment equations complete; 9—Contract freeze date of data, etc.) 


TYPICAL DEVIATION REPORT ON ITEMS NOT IN BALANCE 


(Item numbers here key in with those of bar-chart above) 


Item No. 2 


Cost problem: 


Item No. 8 


Comment: 


Item No. 11 


Cost problem: 


Item No. 13 
Item No. 14 


Comment: 


Item No. 15 
Cost problem 


Specifications Approved 


Expenditures exceeded the budget be- 
cause the original specifications were not 
clearly defined. As a result, more man- 
hours were required in negotiation with 
the customer and in preparation than 
were budgeted. 


Force and Moment Equations Complete 


Since the complete data package was re- 
vised by the customer, manhours ex- 
pended exceeded the budget. 


ADF System Sketch Complete 


Several false starts because of inade- 
quate data were responsible for expendi- 
tures exceeding the budget for this item. 


Stress Analysis Complete 
Interceptor System Sketch Complete 


The tasks were not as complicated as 
originally estimated resulting in expendi- 
tures below the budget. 


Complete Power Distribution Design 


Because of the tight schedule, it was 
necessary to overman the job to complete 
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Item No. 16 


Problem: 


Cost problem: 


Action taken: 


Further 
Action 
Required: 


the task. This action resulted in excess 
costs over the budget. 


TACAN System Sketches Complete 


Only nine of the twelve system sketches 
for the TACAN system have been com- 
pleted. Information required from the 
customer is still missing and is delaying 
the design effort. 


Because of inadequate data several false 
starts were made increasing the expendi- 
tures over the scheduled budget to date. 


Letters have been sent and trips made to 
the customer’s plant. Specific items of 
required information have been dis- 
cussed and dates for availability of these 
items have been established. 


In view of the past delays in obtaining 
data, management should inform the cus- 
tomer that the delivery will be delayed 
unless the information is made available 
by May 8. 

(etc.) 


A SINGLE REPRINT of this article is available as long as 


the supply lasts. 


Write on company letterhead to: The 


Editor, AEROSPACE MANAGEMENT, 56th & Chestnut Sts., 


Phila. 39, Pa. 
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Among the many refinements that help to step up the efficiency of 
this newest long-range missile bomber are control assemblies of 
Roebling Lock-Clad (Roebling Aircord with aluminum tubing swaged 
around it). 

Roebling Aircord is built and tested to exceed military specifica- 
tions. Because undesirable “constructional stretch’ has been re- 
duced to insignificance during the manufacturing process, it gives 
extra assurances of uniform control and consistent performance, 
with minimal need for adjustments. 

Roebling carbon steel Aircord is made with galvanized or tinned 


a 


The Boeing B-52H has the Roebling Touch 
with LOCK-CLAD' AIRCORD CONTROLS | 


finishes. It is available in a full range of sizes and constructions... 
in stock lengths or in complete assemblies... with fittings attached. 
Roebling also produces stainless steel Aircord and assemblies. 

May we give you more complete information? Just drop a note to 
Roebling’s Wire Rope Division, Trenton 2, New Jersey. 


ROEBLING Gf, 


Branch Offices in Principal Cities © John A. Roebling’s Sons Division 
The Colorado Fuel and Iron Corporation 


Circle 11 on Seely Card 


KIM bY 
HOTSTART (amma 
Diesel and 0% 
Gasoline | il 

‘Engine © 


Pre-Heater . <i 8 


CUTS COSTLY COLD 


KIM HOTSTART assures instant 
starts ... instant peak perform- 
ance in below-zero weather when 
commercial power fails. KIM 
plugs into electric circuit, draws 
cold water from engine, heats 
and circulates coolant through 
engine. 


Easy to install . . . inexpensive to 
operate, Kim Hotstart quickly 
pays for itself because it pre- 
vents cold weather damage, re- 
duces wear and costly down-time. 


Install the Kim Hotstart on your 

liquid cooled diesel and gasoline 
engines. Approved and used by 
all major engine manufacturers. 


For additional 
information, 
see your dealer 
or write direct 
to Kim Hotstart. 


HOTSTART 


West 917 Broadway 
Spokane |, Washington 


Circle 12 on Inquiry Card 
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where - 
BALANCING PRECISION counts... 


it’s 
TINIUS 
OLSEN 


From balancing re-entry vehicles to eliminating destructive 
vibration in jet engines, Tinius Olsen balancing machines play 
a major role in the aircraft and missile industry. 

If it rotates, you can balance it faster and more accurately on 
an Olsen. Write today for Bulletin 60, about the complete line 
of Tinius Olsen balancing machines. 


TINIUS OLSEN 


2210 Easton Rd. 


s Willow Grove, Pa. 
Circle 13 on Inquiry Card 


Aerospace Management ¢ 


December 1961 


: | |, i 7 x x 
| oe wk 
> -« j 2 | 
: —— Poo 
| lth = i 
es) |) | ; 
mm 6}WEATHER DELAYS} || (ea 5 
| \\ \ _ 
a lati 


James T. Pyle 
General Precision 


Ray A. Zuck 
General Atronics 


John Mihalic 
NMA Award 


Harold L. Flowers 
Avco 
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Dr. Theodore H. 
Maiman 
Quantatron, Inc. 
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JAMES T. PYLE, formerly deputy 
administrator of the Federal Aviation 
Agency has joined General Precision, 
Inc. as head of the firm’s Washing- 
ton, D. C. office. 


W. L. WHITTIER, appointed vice 
president deputy general manager; J. 
0. MOXNESS, vice president commercial 
sales; LEO J. DEVLIN, vice president 
engineering and product development, 
in the Aircraft div. of Douglas Air- 
craft Co., Inc. R. L. JOHNSON was 
named vice president for product de- 
velopment in the Missile & Space Sys- 
tems div., and J. R. ALLEN, vice presi- 
dent and general manager of the 
Tulsa div. 


RAY A. ZUCK new head of Atronics’ 
new electronic tube and instrument 
div. at General Atronics Corp. 


J. DONALD RAUTH has been ap- 
pointed to the new post of TITAN 
project chief. The vice president of 
Martin’s Nuclear Div. will handle ac- 
tivation of the near-operational TI- 
TAN I and production and testing of 
the advanced TITAN II. 


JOHN MIHALIC, vice president of 
Aveo Corporation, was recently 
awarded the National Management 
Association’s “Management Man of 
the Year” award at the NMA con- 
vention in Chicago. 


HAROLD L. FLOWERS, former direc- 
tor of weapon systems for Goodyear 
Aircraft Corp., is the new general 
manager of engineering at Avco Elec- 
tronics and Ordnance Div. 


JOHN H. BEEDLE has joined EPSCO, 
Inc. as executive vice president and 
general manager with responsibility 
for the product-based divisions of the 
company. ROBERT G. CLARK is newly 
elected president of International Re- 
sources Corp., an EPSCO subsidiary. 


S. E. WEAVER has been appointed 
vice president of engineering and mar- 
keting at Marquardt Corp. 


DR. THEODORE H. MAIMAN has been 


elected a vice president of Quanta- 
tron, Inc. 


December 1961 


Men on the Move 


DR. AIMISON JONNARD has been ap- 
pointed vice president in charge of 
planning at Celanese Chemical Co. 


E. W. RAWLINGS was recently named 
president of General Mills. He suc- 
ceeded C. H. Bell, who has served as 
president since 1952. 


GAYLORD W. NEWTON has been ap- 
pointed consulting specialist in the 
marketing of General Electric’s large 
jet engines. 


A. WILLIAM CHRISTOPHER, JR. of 
Sylvania Electric Products, Inc., ap- 
pointed regional vice president of the 
Armed Forces Communications and 
Electronics Assn. 


RAYMOND TRAPP was recently ap- 
pointed general sales manager for 
the Bendix Products Aerospace Div. 


THOMAS W. GOODWIN newly elected 
vice president of Gorham Corp. He 
will coordinate corporate programs 
for plants and equipment. 


GEORGE E. GEYER named director of 
engineering sales of Bulova Research 
and Development Laboratories. 


DR. PETER L. NICHOLS, JR., former 
Director of the space sciences and 
propulsion div. of Stanford Research 
Institute, is the new senior scientist 
at Aerojet-General’s solid rocket plant 
in Sacramento, Calif. 


JAMES F. HEALEY has become vice 
president of Minneapolis-Honeywell’s 
Aeronautical Div. 


LT. GENERAL JAMES FERGUSON is 
newly appointed deputy chief of staff 
for research and technology. He was 
formerly vice commander of the Air 
Force Systems Command. 


R. L. BOORMAN was recently ap- 
pointed to the newly created position 
of director, corporate planning and 
control for Kaiser Steel Corp. 


STEPHEN T. HERR has been appoint- 
ed executive vice president and gen- 
eral manager of United Electric Con- 
trols Co. 


Dr. Aimison Jonnard 
Celanese Chemical 


Thomas W. Goodwin 
Gorham Corp. 


George E. Geyer 
Bulova Labs 


James F. Healey 
Minneapolis-Honeywell 


Stephen T. Herr 
United Electric 
Controls 
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PRODUGYTS 


JAS. H. MATTHEWS & CO. 


3920 FORBES AVENUE . 


Circle 14 on Inquiry Card 


MATTHEWS 


on 


Matthews Airgrit eliminates many mark- 
ing problems. It may be the answer 
to yours. 


Through inexpensive molded rubber 
masks, it will ‘‘blast-etch’”’ trademarks, 
names or codes with lettering as small as 
.055” within a fraction of a second. 
Masks have surprisingly long life for 
economical marking. 

Self contained unit needs only air source 
and electrical outlet for easy installation. 
Simple to operate, no special training 
required. 


Write for Bulletins C-25, C-26 or forward part for sample marking 


WATT RIEWws 


PITTSBURGH 13, PENNA. 


Indium Antimonide 


Single crystal Indium Antimonide 
is being produced in commercial 


quantities. A compound semiconductor 
of the III-V family, it is suited for 
use in high mobility devices.—WMicro 
State Electronics Corp. 

Circle 100 on Inquiry Card for more data 


Conformable Coatings 


One component dip coatings for 
electrical components and metal hard- 
ware are being offered. Coatings are 
built up over plastics, ceramic and 
metal parts by dipping to establish 
thicknesses up to 1/32 in. When baked 
at 300° F, coatings are converted into 
semi-rigid material with good adhe- 
sion and thermal shock resistance.— 
Furane Plastics Inc. 

Circle 101 on Inquiry Card for more data 


Silicone Rubber Foam 


Low density, silicone rubber foam 
can be handled immediately after 


— 
completion of the reaction. Producer 
claims Silastic RTV S-5370 is heat 
resistant and resilient. Foam is form- 
ed in five minutes at room temp.— 


Dow Corning Corp. 
Circle 102 on Inquiry Card for more data 


Pyrolytic Graphite 
Components are being produced of 
pyrolytic graphite, a thermally ab- 
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sorptive material that will withstand 
temp in the 4000° to 6000° F range. 
The higher the temp, the stronger it 
becomes. Material is recommended for 
rocket nozzles‘ nose cones, heat bar- 
riers and nuclear -applications. — 
Beryllium Corp. 


Circle 103 on Inquiry Card for more data 


Copper-Clad Laminate 


Copper-clad laminate for printed 
circuitry is said to meet specs for 
room temp peel and have a hot peel 
strength of 2 to 4 lb/in. of width, at 
500° F. Grade G-10R is available in 
sheets of 36 x 36 in. and 36 x 48 in. 
with usual copper foil thicknesses.— 
Synthane Corp. 


Circle 104 on Inquiry Card for more data 


Stainless Wire Cloth 


Wire cloth woven of high-temp 
stainless steel alloy is said to have 
properties comparable to more highly 


alloyed and exotic materials in the 
600° to 1000° F range. Parts made of 
NS-A286 wire cloth can be hardened 
after forming.—Reynolds Div., Na- 
tional-Standard Co. 


Circle 105 on Inquiry Card for more data 


Thermoplastic Resin 


Flourocarbon plastic is available 
in an extrusion grade, and injection 
and comparison molding grade, and 
a plasticized grade for applications 
requiring a high degree of flexibility. 
Material has good thermal stability 
and chemical inertness. Chlorine 
added increases mechanical proper- 
ties and moldability. — Minnesota 
Mining & Mfg. Co. 


Cirele 106 on Inquiry Card for more data 


Mylar Polyester Film 


Line of heavy gauge Mylar film 
has been extended to include thick- 
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ew Kidde 5000 psi 
pneumatic system 


features mobility, 


precision regulation! 


From the laboratories of Walter Kidde & Company, Inc., comes this 
mobile pneumatic system which delivers 4 cfm of clean, dry air at 
pressures up to 5000 psi. Completely portable and easy to maneuver, 
the system features two highly accurate regulators: one for pres- 
sure ranges of 0-200 psi; the other for pressures up to 5000 psi. All 
controls and gauges have been placed at the optimum level for acces- 
sibility and ease of handling. Light in weight, the system measures 
22” by 49” by 32”, and is available powered with either electric or 
hydraulic motors or gasoline engine. 

Used for aircraft and missile ground-support equipment and 
for laboratory applications, systems of this type can supply high and 
low-pressure air in ambient temperatures varying from —40 degrees 
to +120 degrees F. For more information, write Kidde today. 


Kidde Aero-Space Division 
Walter Kidde & Company, Inc., 1280 Main St., Belleville 9, New Jersey 


Sales-Engineering Offices: Atlanta + Boston « Dayton * Huntington (NY) St. Louis » San Diego « Seattle « Van Nuys (Cal) « Washington (0 C) 
Walter Kidde-Pacific, Van Nuys, California » Walter Kidde & Company of Canada Ltd., Montreal, Toronto, Vancouver 


Circle 15 on Inquiry Card 65 
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- APPROX, 3X LARGER 
— - AN ACTUAL SIZE 


Thermocouple Wires 


“Button-Box” Variety 
to fit every temperature measuring need 


Like the button-box every woman keeps handy, Ceramo* Thermo- 
couple wires offer you virtually unlimited selection to fit almost 
any temperature measuring application. For instance: 
Lengths — 1/2” io 30 ft. — to 80 ft. on special order! 


Diameters — 1/32” to 7/16”, small sizes give fast response 
— large sizes provide longer life. 


Coaxial Construction - 1, 2, or 3 metal sheaths, with 
or without interposed insulation, provide extra protection — allow 


y special electrical circuitry. 


insulations— Magnesium, Aluminum, Zirconium, Beryllium 
oxides. 


Conductors -— 1, 2, 4 or 6 conductors available in all ISA 
standard materials, plus several combinations of Platinum-Rho- 
dium, or Tungsten-Rhenium, and Iridium-Rhodium . . . measure 
temperatures from —450°F to plus 4000°F. 


Sheath Materials — Stainless Steels, Inconel, Aluminum, 
Copper, Nickel, Nichrome V, Titanium, Tantalum, Platinum 10% 
or 20%, Rhodium, Chromel, Alumel, Hastelloy, Monel, or any 
workable material. 

Ceramo is available with heating elements in addition to single or 
multiple Thermocouple conductors! 


*Ceramo — Made only by Thermo Electric 


THERMO ELECTRIC Co.,Inc., Saddle Brook, New Jersey 
In Canada: THERMO ELECTRIC (Canada) LTD., Brampton, Ont. 


20 YEARS °* Temperature Measuring Systems and Components 


Circle 16 on Inquiry Card 


Materials 


See wwe: 


nesses from one-quarter mil to 14 
mils. 1400 gauge (14 mil) film was 
added to provide a heavier, more rigid 
material for insulation and materials 
surfacing applications.—EZ. J]. Du Pont 
de Nemours & Co. 

Circle 107 on Inquiry Card for more data 


Transparent Epoxy Resins 
Line of clear epoxy resins includes 
Stycast 1263, 1264 and Eccogel 1265. 
1263 is rigid, 1264 is flexible and 
1265 is a firm gel. Continuous use 


temp for 1263 is 400° F, for the 
others it is 300° F.—Emerson & Cum- 
ing, Inc. 

Circle 108 on Inquiry Card for more data 


Sintered Molybdenum 


Sintered molybdenum mill prod- 
ucts have been added to line of re- 
fractory metal products. Company 
also produces arc-cast molybdenum. 
—Refractomet Div., Universal - Cy- 
clops Steel Corp. 

Circle 109 on Inquiry Card for more data 


Hi Temp Paper 

Quartz fiber paper is said to be 
capable of withstanding 3000° F. 
Paper can also be used with cryogenic 
products in temp down to —459° F. 
Paper can be impregnated with phe- 
nolic resin for ablation and heat 
shielding applications—C. H. Dexter 
& Sons, Ine. 

Circle 110 on Inquiry Card for more data 
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aaa Worth Asking For 


Preparation for Lunar Flight 


Present progress on the ultimate 
requirements for effecting a lunar 
landing and return are described in 
this 21-page booklet. A full descrip- 
tion of the spacecraft, propulsion ap- 
proaches and discussions of other as- 
pects necessary for a successful lunar 
mission are included.—Thiokol 

Circle 111 on Inquiry Card for more data 


Structural Parts Lab Report 


Literature describes first struc- 
tural parts to be developed in re- 
sponse to DOD call for non-brittle 
300,000 psi fastener materials. — 
Standard Pressed Steel'Co. 


Circle 112 on Inquiry Card for more data 


Pocket Component Catalogue 


Pocket-sized publication features 
schematic diagrams and specifications 
of electronic and electro-mechanical 
components. Prices and application 
suggestions also included. — Siamco, 
Div. of Tech-Ohm Electronics, Inc. 


Circle 113 on Inquiry Card for more data 


Advances in Hi-Vacuum 


A monthly publication dealing with 
all aspects of vacuum systems, their 
development and uses.—Scientific En- 
gineering Laboratories, Inc. 

Circle 114 on Inquiry Card for more data 


Technical Info on Compounds 


Bulletins contain properties, per- 
formance charts and graphs on Fluoro- 
silicone fluids, greases and compounds. 
Suggested applications for these ma- 
terials are also included— Dow Corn- 
ing Corp. 


Circle 115 on Inquiry Card for more data 


Pocketsize Math. Handbook 


General arithmetical rules and 
formulas are included along with 
business formulas such as profit and 
loss, markup, discount, simple and 
compound interest tables. Also con- 
tained in the 64-page publication are 
powers, roots, circular arc tables and 


other helpful aids.—Curta Company 
Circle 116 on Inquiry Card for more data 


Control System Test Set 


Brochure containing performance 
data on semi-automatic equipment 
used in checkout of fire control sys- 
tem and for testing production line 
final integrated system. — Kearfott 

Circle 117 on Inquiry Card for more data 


Detecting the Future Scientist 


This booklet outlines characteris- 
tics of youth which indicate a future 


Aerospace Management e 


A 


scientist or engineer. It suggests 
academic and non-academic activities 
which will foster such a vocation.— 
Battelle Memorial Institute. 

Circle 119 on Inquiry Card for more data 


X-Ray Analysis Inspection 

Detailed procedures of radio- 
graphic inspection for examining elec- 
trical cable terminations and splices 


by use of x-ray.—Balteau Electric 
Circle 120 on Inquiry Card for more data 


Design of Test Facilities 
Manual offers information useful 
in designing and applying automated 
test facilities for cables, components 
and completed assembies.—Associated 
Research, Inc. 
Cirele 121 on Inquiry Card for more data 


Saturn Rocket Engines 


The capabilities of current Saturn 
launching rockets and overall ex- 
pectations of the progressive Saturn 
missions are described in this bro- 
chure. Future rocket engine develop- 


ments are also outlined.—Rocketdyne 
Circle 122 on Inquiry Card for more data 


Major Space Technology Labs 


Brief description and detailed il- 
lustration of major facilities in place 
or under construction at General Elec- 
tric Valley Forge Space Technology 
Center.—General Electric. 

Circle 123 on Inquiry Card for more data 


TV Eyes in Airline Terminals 


How airline terminals use closed 
circuit television to solve communica- 
tions problems is described in this 
publication. Ramp actvity, weather 
briefing and display of arrival/de- 
parture schedules are a few applica- 
tions outlined.—General Precision 

Cirele 124 on Inquiry Card for more data 


Industrial Gas Data 


A smartly bound 48-page, pocket- 
sized booklet lists physical and chemi- 
cal properties of gases. Also contains 
conversion tables to change volumetric 
information on gases from one equiv- 


alent measure to another.—Airco 
Cirele 125 on Inquiry Card for more data 


Subfreon Research Facility 


Publication covers the broad areas 
of the physics and engineering proc- 
ess through which subfreon tempera- 
tures are attained and made usable 
at Arthur D. Little Cryogenics re- 


search facilities —Arthur D. Little 
Circle 126 on Inquiry Card for more data 


December 1961 


_LITERATURE _ 


How to Sell to McDonnell 

This guide is provided to help 
prospective new suppliers in con- 
tacting McDonnell Aircraft Corp. 
buying and technical staffs. A map 
of the firm’s facilities and near- 
by accommodations is included. — 


McDonnell Aircraft Corp. 
Circle 127 on Inquiry Card for more data 


Developments In Flight 

A pictorial review, the second in 
a series, describing the contributions 
of General Precision, Inc., to the re- 
search and development of manned 
aircraft and all related control and 


support systems.—General Precision 
Circle 128 on Inquiry Card for more data 


Instrument Repair Facilities 
Outlined are facilities reportedly 
used by more than 200 commercial 
firms, 60 of whom are said to be 
major military contractors. — Cook 
Electric Company. 
Circle 129 on Inquiry Card for more data 


7,000 Years of Solid Propeliants 

Forty pages of two color illustra- 
tions and text provide a history of 
solid propellent rocket engines to their 
present state of development.—Thiokol 
Chemical Corp. 


Circle 130 on Inquiry Card for more data 


Where to Use Lubricants 

New application chart simplifies 
selection of proper lubricants. Chart 
lists forms of application. carriers for 
particular lubricants, typical uses and 
method of application—J. A. Postell 


Circle 131 on Inquiry Card for more data 


Locating the Clouds 

A report concerning the method 
used to determine where the cloud 
pictures taken by TIROS satellites 
are located in relation to the earth.— 


Bendix Corporation 
Circle 132 on Inquiry Card for more data 


Eye Protection in Your Plant 
Booklet gives latest information 
on the establishment of a workable 
eye protection program. — Fendall 
Company. 
Circle 133 on Inquiry Card for more data 


How to Fly on Water 
The progress of hydrofoil develop- 


“ments in the United States and what 


to expect in the near future is re- 
ported in this publication.—Gruman 
Aircraft Engineering Corp. 

Circle 134 on Inquiry Card fer more data 
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Fused Quartz for Tubing 


Expected to have major signifi- 
cance in defense and space industries 
which rely on fused quartz for criti- 


cal applications. Quartz is now made 
from silicon dioxide, a domestically 
available raw material. Tests have 
shown the new material will deform 
at less than one-half the rate of for- 
mer quartz when subjected to tem- 
peratures of 1200°C and higher.— 
General Electric. 
Circle 135 on Inquiry Card for more data 


Thrust Chamber 


This ablative-cooled assembly for 
liquid fueled rocket engines is report- 
edly capable of withstanding accumu- 
lated firing durations up to 7.2 min. 
The filament-wound chamber is said 
to be suited for space applications 
because of its high thrust-to-weight 
ratio and firing duration capability. 
—United Technology Corp. 


Circle 136 on Inquiry Card for more data 


Simulator Air Bearings 


Spheres which float on a film of 
air to simulate the weightless and 
frictionless conditions of outer space 
are available for satellite simulators. 
They consist of bearings and matched 
seats or sockets. The socket has a 
number of air vents which provide 
‘sufficient air pressure for support of 
the bearings.—Industrial Tectonics, 
Ine. 

Circle 137 on Inquiry Card for more data 


Maneuverable Antenna 


Part of a system expected to pro- 
vide better communications with sat- 
ellites. This microwave airborne an- 
tenna system includes both orientation 
equipment and extreme range capabil- 
ity. The system design employs a 10 
kw, cw-power transmitter at X-band 
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and a helium cooled maser receiver. 
The antenna has three axes and a 
beam width of 5°.—Boeing Co. 


Circle 138 on Inquiry Card for more data 


Thunderstick Rocket 


A six foot long terrestrial missile. 
Its weight is comparable to that of a 
small arms weapon. It is designed for 
combat of armored vehicles and su- 
personic aircraft. The propellant mass 
ratio of the system is 0.99 and over. 
Over 99 per cent of the system weight 
is propellant—American Rocket Co. 

Circle 139 on Inquiry Card for more data 


Control Rocket 


This pulse modulated bipropellant 
rocket was developed for vernier at- 
titude corrections of space vehicles 


wv 
with a pulse modulated thrust level of 
one pound. The N’*O* and N°*H* bi- 
propellant is spontaneously combus- 
tible upon contact with the oxidizer. 
No external ignition device is re- 
quired.—Vickers, Inc. 
Cirele 140 on Inquiry Card for more data 


Image Converter Camera 


A diagnostic tool for instrumenta- 
tion of high speed luminous transient 
events encountered in plasma physics, 
chemical kinetics, hypervelocity ex- 
periments and other high speed light 
events. It is reportedly capable of tak- 
ing framed photographs at exposure 
times varying from 3 to 200 millimi- 
croseconds.—Space Technology Lab- 
oratories, Inc. 

Circle 141 on Inquiry Card for more data 


New Battery for Space 
Non-magnetic sealed _ silver-cad- 

mium cells, currently in use in the 

"explorer XII satellite, are expected 


Aerospace Management « 


to resolve space and weight limita- 
tions of nickel-cadmium batteries. 
These cells are said to operate at con- 
siderably higher charging rates and 
greater depths of discharge than was 
previously practicable in solar energy 
converter-battery power systems.— 
Yardney Electric Corp. 
Cirele 142 on Inquiry Card for more data 


Provides Attitude Data 

A light weight pyrotechnic free 
gyro provides roll, pitch and yaw at- 
titude data for short range missiles. 
It can also be used for stabilizing 
longer range missiles during early 
periods of flight. The instrument re- 
portedly features a 100 millisecond 
runup, low drift rate, electrical un- 
cage and small size.—Giannini Con- 


trols Corp. 
Circle 143 on Inquiry Card for more data 


Measures Man's Responses 


A miniaturized instrumentation 
packet for measuring a man’s physi- 
ological responses to space flight 
stresses. The half-pound, transistor- 
ized packet makes 12 measurements. 
It is strapped to pilot’s waist with 
sensors leading to his chest, back, 
arms, legs and feet. It is being used 
with X-15 edge-of-space aircraft tests. 
—Hughes Aircraft Co. 


Circle 144 on Inquiry Card for more data 


Starts Jet Engines 


Designed especially for using 


available plant air sources, system 
provides up to 310 lb/min of air at 


61 psig with an adjustable pressure- 
rise rate of four to six sec. This ca- 
pacity, fully controlled at all settings, 
gives starter flexibility to handle a 
variety of jet engines. It has been 
used for starting J-79 engines in Vigi- 
lante attack bomber.—North Ameri- 
can Aviation. 
Cirele 145 on Inquiry Card for more data 
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Space Powerpack 


A nuclear thermoelectric power 
system for space, moon and other 
uses requiring long-lived, operation. 


Uses the spontaneous decay of a ra- 
dioisotope to produce heat which is 
converted into electricity by thermo- 
electric principles. The curved shields 
are waste heat radiators. Heat is 
transferred by a liquid metal. System 
will produce 50 to 60 kw for three 
months’ life on the moon.—Westing- 
house Aerospace Department. 
Circle 146 on Inquiry Card for more data 


2500 Channel Repeater 


This coaxial cable communications 
repeater is less than six inches long 
and one inch thick yet utilizes a voice 
band width capacity of 2500 channels. 
The device amplifies signals in both 
directions. It has a total bandpass of 
20 megs, dividable for handling 10 
megs in either direction.—Philco. 

Circle 147 on Inquiry Card for more data 


TV Monitor Dark Adapted 


For missile surveillance, a tran- 
sistorized closed-circuit television sys- 
tem. Its applications are also said to 
include keeping watch over security 
installations, use on aircraft and sub- 
marines and for satellite tracking. 
The system comprises the camera with 
an image orthicon tube and 35 mm 
lens, a camera-control unit, and sev- 


eral monitoring units.—Bendix Corp. 
Circle 148 on Inquiry Card for more data 


High Capacity EDP System 

Handles magnetic tape with a 
nine-fold increase in speed. System 
has a core memory unit with twice 


the capacity of its predecessor. The 
advanced 301 system permits use of 
over 12 tape stations. Information 
rate of new tape unit is 66,000 char- 


acters per second.—RCA. 
Circle 149 on Inquiry Card for more data 


Aids Saturn Flights 


A retractable-probe-type angle of 
attack transducer in the control sys- 
tem of the Saturn space vehicle serves 
as an electromechanical aid in deter- 
mining the vehicle’s angle-of-attack. 
The angle-of-attack is determined by 
measuring the differential of the air 
pressure acting through two narrow 
longitudinal slots on the probe.—U.S. 
Science Corp. 

Cirele 150 on Inquiry Card for more data 


Tests Memory Systems 


Called the Memory System Exer- 
ciser, the high speed digital computer 
simulator evaluates complete mem- 
ory systems in laboratory analysis 
and production testing. Of modu- 
lar construction, the unit simulates 
exact computer environment. Simula- 
tor operates with address to address 
cycle times, continuously variable 
from 100 to 3 microseconds. Random 
access memories or serial buffers with 
address capacities to 16,384 words 
and word lengths to 48 bits are ac- 
commodated.—Kese Engineering, Inc. 

Circle 151 on Inquiry Card for more data 


Rocket Oriented TV 


A closed circuit television system 
providing a vertical design geared 
especially for viewing long, narrow 


images. The new system will report- 
edly enable personnel at a missile 
range a larger, more detailed picture 
of the missile as it goes through 
countdown activities and launching. 
—General Electric. 

Circle 152 on Inquiry Card for more data 
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Reconnaissance Receiver 


This wideband high intercept prob- 
ability device will reportedly identify 
multiple radio and radar signal fre- 
quencies in critical space communica- 
tions and electronic warfare band- 
widths (500 to 12,000 mcs) without 
tuning. The device is intended for use 
in reconnaissance satellites, airborne 
and expendable jamming ground elec- 
tronic warfare systems and labora- 
tory RFI uses.—Hallicrafters. 


Circle 153 on Inquiry Card for more data 


“MADDAM" Computer 


A fully miniaturized, practical 
working electronic computer designed 
to demonstrate the Macro-Module sys- 


tem of constructing computers. MAD- 
DAM is a 16-integrator serial compu- 
ter capable of providing solutions to 
integral-differential class equations. 
It is said to be the digital equivalent 
of an analog computer.—Burroughs 
Corp. 
Circle 154 on Inquiry Card for more data 


Nuclear Amplifier 


Transistorized, non - overloading 
linear amplifier expands small pulses 
from nuclear detectors. Circuit design 
permits conversion to battery opera- 
tion. Amplifyer has maximum gain 
of X1000. A transistorized preamp is 
available for use with this equipment. 
— Lockheed-Georgia Co. 


Circle 155 on Inquiry Card for more data 


Computer for Training 


The military digital trainer, a 
desk-size binary computer designed 
for training in computer maintenance, 
design and programming. The device 
contains all elements found in larger 
computers. This feature is said to 
facilitate changeover to full scale 
computer operations.—Univac. 

Circle 156 on Inquiry Card for more data 
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You Get Things Done With 
Boardmaster Visual Control 


-_ 


Production Equipment 


Power Controller Ultrahigh Vacuum System 
Controls high and rapid rising A pressure as low as 1 by 10°° mm 9 ny 
temperatures on test specimens within Hg range can be obtained and main- | eet 
10° in a range from room tempera- tained over a period of several days 
ture to 6000° F. Designed to operate 
in conjunction with any standard uni- 
versal testing machine.—Marquardt. “ 
Circle 157 on Inquiry Card for more data 
yx Gives Graphic Picture of Your Operations— Humidity Measuring Device 
Spotlighted by Color . Infrared Hygrometer for measur- 
ba meta BE ny Tad Saves Time, Saves | ing humidity consists of a radiation 
ye Simple to operate — Type or Write on source, optical filters for isolating 
Cards, Snap in Grooves selected wavelengths of radiant en- 
vk Ideal for Production, Traffic, Inventory, ergy, a sensing tube, detector, servo 
Scheduling, Sales, Etc. whet 
vy Made of Metal. Compact and Attractive. balancing system and a method of zero 
Over 500,000 in Use referencing. A glass wedge is intended 
$ 50 to compensate for the absorption of 
Full price 49 with cards the light beam due to water vapor. 
FRE 24-PAGE BOOKLET NO. YM-10 | The position of the wedge is an index without the use of liquid helium. Ap- ‘. 
Without Obligation | of amount of vapor in the path.— plications of the new system include ¥ 
Electronics Group, General Mills, Inc. space simulation, vapor deposition and 
Write for Your Copy Today Circle 158 on Inquiry Card for more data materials research. Among its me- 
Yanceyville, North Carolina 
Circle 17 on Inquiry Card 
Pe roe -” ss ait Z : 
a ae oo A . 
; oe — 
Mf @- 
LA Ai a, 
Focusing eyepiece for convenience of user. 
For visualization in inaccessible curved areas 
° where a flexible instrument capable of adapting 
For the ultimate itself to irregular contours is required. 
° 2. *¢ + ° ; i i i 
in precision viewing of Fiber Optic Borescopes are equipped with 
focusing eyepiece and fixed or movable objec- 
intri Aiea tive as required. Illumination can be provided 
tricate, hard to reach areas... by a flexible fiber optic light carrier with an 
external light source or an annular fiber optic 
A M ° b O ° light carrier attached to the image carrier. Fiber 
.C. mA Fi er ptic optic light carriers are particularly advanta- 4 
° geous for transmission of intense cold light to 
; inaccessible or hazardous areas. 
! Please send details and sketch , 


Borescopes 


of your requirements. 


AMERICAN CYSTOSCOPE MAKERS, Inc. 


8 Pelham Parkway, Pelham Manor (Pelham), N. Y. 


Circle 18 on Inquiry Card Aerospace Management e December 1961 
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chanical features are completely in- 
terlocked controls to protect the sys- 
tem from power failure, water failure 
and faulty startup.—Illikon Corp. 
Circle 159 on Inquiry Card for more data 


Mixing by Remote Control 


Mechanical hands operate this ver- | 


tical mixer and reportedly minimize 
hazards involved in mixing radioac- 


tive, toxic or explosive materials. 
Mixer shown is a % pt. to one qt. 
model. A 5-gal mixer is in production 
and one of 30 to 80 cc capacity is un- 
der development.—Atlantie Research. 
Circle 160 on Inquiry Card for more data 


Compact Steam Generator 


Designed to produce 150,000 lbs 
per hour steam, this generator is 4 ft 
high and 3 ft in diameter. Currently 


being used as an essential component | 
in system for sub-cooling liquid hy- | 
drogen. Operates on hydrogen perox- | 


ide, gaseous hydrogen and water. In 
combination with certain other equip- 
ment, the generator reportedly makes 
it possible to pull extremely high vac- 
uums with speed and controlled accu- 
racy.—Thiokol Chemical Corp. 


Circle 161 on Inquiry Card for more data 


Mobile Pneumatic System 


Supplies 4 cfm of dry, clean air 
at up to 5000 psi. Wheeled and center 
balanced, the assembly features two 


air pressure regulators, each with its 
own outlet fitted with a quick-discon- 
nect coupling. One used for low pres- 
sure ranges (0-200 psi) and the other 
for higher ranges. Powered by gaso- 
line engine, the unit comes equipped 
with 20 feet of hose.—Kidde Aero- 
Space Div., Walter Kidde & Co., Ine. 


Circle 162 on Inquiry Card for more data 
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TIFIED 


UNIVERSAL &: 


COMMUNICATIONS — 
RECEIVER 


FOR COMMUNICATING WITH AIRCRAFT 


TYPE 516-RV & 516-RU 


Featuring two rapid "plug-in" RF converter strips for opera- 
tion in frequency range 108 to 152 mc or in UHF 225 to 400 mc. 


FREQUENCY RANGE — Any frequency between 108 and 152 Mes. 
or 225 and 400 Mes. 

A.V.C. — Amplified and delayed A.V.C. circuit to hold the audio 
output constant within 3 db from 5 microvolts 
to .2 volt. 

FREQUENCY STABILITY — Overall .002% from —10°C to 60°C 
ambient temperature. 

SELECTIVITY — The VHF and UHF versions have a bandwidth of 
36 KC minimum for 6 db and not more than 
108 KC for 60 db attenuation. 

SENSITIVITY — At the maximum setting of the R.F. gain control, 
a 1 to 2 microvolt 30% amplitude modulated 
signal will produce at least 500 milliwatts of 
audio output with at least a 10 db signal to 
noise plus noise ratio. 

SPURIOUS RESPONSE — at least 80 db down. 


OUTPUT — The audio output is one watt into either 600 ohms 
or 8 ohms. 
INTERMEDIATE FREQUENCIES — 18.3 Mcs. and 1.85 Mes. for 


VHF. 47 to 73 Mes. tunable I.F. ahead of 
standard |.F. for UHF. 
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specifications 


For more information, write for Bulletin 59-SC. 
Address Bellows-Valvair, Hydraulics Division, Salem, 
Ohio, Dept. AMM-1261. 


Bellows - 


72 


utocollimation 


Write for 
technical data 
and 


RTIAL GUIDANCE 


Represents 
one of 
many 
applications 


to solve 
Alignment 
Problems 
of a highly 
precise 
nature. 


the KERN DKM2 


When equipped with the new No. 356 Autocollimating Eyepiece, 
this famous one-second theodolite has a total magnification of 23x and 
an operating range from zero to at least 100 feet for autocollimation. 


The FINEST in SURVEYING EQUIPMENT 


120 Grand St., White Plains, N. Y. 


Circle 20 on Inquiry Card 


: Compact, low-cost 


SINCLAIR- 
COLLINS 


JPILOT VALVE 


Diaphragm-operated S-C 
Model C-786 valves amplify 
instrument and cycle timer 
signals to pilot large valves 
and similar units. Provide 
near-instantaneous response 
..+ precise control... full %4 
in. pipe flow area... com- 
pact, only 5% in. high. S-C 
quality, yet attractively priced. 
For air, steam, hot or cold 
water, or inert gas service, 2- 
and 3-way, 125 psi, tapped %4 
in. NPT. 


8190-3 


alvair 


Division of IBEC SALEM 9, OHIO 


Circle 21 on Inquiry Card 


KERN INSTRUMENTS INC. 


i) Clete 


DISENCHANTED 
ENGINEERS 


if your present employer has failed to 
utilize your full potential, why not permit 
us to explore the parameters for your 


professional qualifications with the many 
dynamic young companies in aviation, 
electronics, miasiles and rockets. We now 
have more than 4,000 openings in the 
$8,000 to $40,000 bracket, all of which are 
fee paid. Why wait? Send resume in du- 
plicate at once indicating geographical 
preferences and salary requirements. 


FIDELITY PERSONNEL OF PHILADELPHIA 
1530 Chestnut St.. Philadelphia 2, Pa. 
Established |? 


eee 
| Circle 22 on Inquiry Card, Use Home Address 
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FREE INFO 


Advertisers' Products * Advertisers’ Services 


CIRCLE THE NUMBERS SHOWN IN THIS 


Technical Literature * New Parts and Components 


New Production Equipment * New Electronic Products 
New Materials and Employment Opportunities 


ISSUE AND MAIL THESE POSTAGE-PAID 


REPLY CARDS FOR MORE INFORMATION ON 
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When your requirements involve forgings or deep drawn stampings,—and if you are 
faced with the problem of reducing cost and improving quality take advantage of Transue 
& Williams Cost and Quality Research. There are excellent possibilities that our experi- 
ence gained from producing a variety of forgings and stampings for many industries can 
be a valuable aid in helping you solve your forging and stamping parts problem. Write 
or call us today or send us a print to learn how we can be helpful. 


Finding better ways to reduce cost and improve quality through experience. 


Sales Offices: Philadelphia ¢ Old Saybrook (Connecticut) * Chicago ¢ Detroit e Dallas ¢ Los Angeles 
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